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EXCLUSIVES 


NEW No. 5000 “SPEEDY” ATTACHMENT... 


A 


1) Converts Welding Helmet to Safety 
Cap Use 
Zi Reodily Adz=ptete Capsin Field 
3) Fils All Caps 
4} Atoches or Deteches Cap inite 


No, 5000 “SPEEDY” FEATURES: 


* LONG LIFE. ECONOMICAL, PRACTICAL 
* SPEEDY ON OR OFF 

+ FITS ALL POPULAR PEAK-TYPE CAPS 
* NO HOLES IN CAP 

* NO HARDWARE ON CAP 

« CONTINUOUS HEAD PROTECTION 


ADAPTS PRESENT HELMETS TO 
COMBINATIONS 


wee 


7 


HIS INGENIOUSLY DESIGNED, yet simple 

to use, “SPEEDY” Attachment adapts the weld- 

ing helmet for use with a Safety Cap to provide 
both eye and head protection for the Welder when he 
works under conditions where there is danger of head 
injury from falling or flying objects. 
“SPEEDY” is economical both as to cost and in speed of 
attachment... or detachment! It represents very practi- 
cally FIBRE-METAL’s long experience and ability to 
provide the best possible products for protection that also 
help make the most profitable use of a man’s time. 


The No. 5000 “SPEEDY” Attachment consists of two 
rugged steel Clips with insulated prongs to grip the edge 
of the Safety Cap; a sturdy, replaceable Neoprene Strap 
connecting the Clips and providing tension over the top 
of the Cap. Friction joints hinge helmet on cap. Write for 
Bulletin No. 43, 


When buying any protective 
equipment...always ask for 
a FIBRE-METAL product! 
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"Where welding work calls for 
D.C. Rectifiers—you'll want to check 
the many advantages of the. 


You'll want to compare Hobart, feature 


built-in 
for feature, to see the real difference in 


ratures brin eature c 
welding with modern type D.C. Rectifiers. ; 
Don't be satisfied with anything but top 
ode and performance and a unit that is depend- 3 
BETTER BETTER WeLDe! able for long life, service-free operation. 
In Hobart, you get three delta-con- 
nected transformers, one for each phase. 
A magnetic line switch. Overload protec- 
tion on both rectifier and transformer, plus remote control at 
no extra cost. You'll be amazed at the high efficiency and low 
operating cost that cuts power bills. 
Backed by well over a half century of building the most 


complete line of welding equipment on the market today. 
Write for detailed specifications, no obligation. 


HOBART BROTHERS CO., BOX WJ-15, PHONE 21223, TROY, OHIO 
FP” One of the world’s largest builders of arc welding equipment. 


300 AMP. D.C. WELDER GASOLINE ENGINE DRIVEN HOBART “POWROMATIC” TRANSFORMER WELDER Use the Hand 
For production, maintenance For speedy, low cost welding Constant voltage D.C. welder For shops that have only C y 
‘and general shop welding. in the field when electric for automatic and semi-auto- single phase power supply 
* For light or heavy duty weld- power is not available. Avail- matic welding. Simplified con- available. Liked by operators , oupon for complete 
ing in 200, 300, 400, 600 amp. able in 300, 400, 600 amp. trols. Assures uniform metal because it starts fast and information. No obli- 
sizes, portable or stationary. sizes. deposit and faster production. holds a stable arc. gation, of course. 


Meters and Portable Mountings are Optional Equipment 


HOBART BROTHERS CO., BOX W4J-15, TROY, OHIO 


Sensational NEW electrode Please send complete information on the items checked below: 

“ ” Hobart Rectifier Welder Hobart “Powr tic”’ 
Rocket 24 for A.C. or D.C. 300 amp. D.C. Welder FREE 

Here's an electrode in keeping with modern Gasoline Engine Driven Electrode Samples ""Welder's Vest 


welding procedures. The new “Rocket 24” Pocket Guide" 


gives greater speed, maneuverability, 
strength and smoothness, It's a contact type 
electrode, heavily coated, employing 
iron powder in the coating which be- 

comes a part of the weld. Write for 

free samples. 
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for high speed welding of hard-to-weld steels 


the new MUREX \ow hydrogen-contact electrode 


Speedex—LH combines all the advantages of a low hydrogen 

electrode with those of a high speed contact electrode. It yields 

deposits extremely low in hydrogen content. At the same time, 

its heavy coating, containing powdered iron, provides deposi- 

tion rates up to 60% faster than those obtained with regular 

low hydrogen electrodes. 
Speedex--LH can speed your welding—save you time and 

money on many types of work, including: 

1. Welding of hardenable steels without preheat and without danger of underbead 
cracking. 


. Welding high sulphur steels without porosity. 
3. Welding of cold rolled steels which tend to produce pin-holing when welded with 


conventional electrodes. 
4. Welding low alloy or mild steels without cracking where stress relieving 
normally would be employed, but is not feasible. 
Ask to have Speedex—LH demonstrated. Contact your welding 


METAL & THERMIT CORPORATION 


100 EAST 42ND STREET - NEW YORK 17, W. Y. 
MOREX electrodes . arc welders . accessories 


Tre WeLpING JouRNAL 


“ZB a ; distributor or nearest M&T representative. 


3 
\ 
f 
‘ 
x 
) 
4 
4 ° 
re 
” 
2 


Seam Welding Wheels 
performance-fitted 


for your job 


4 Two families of Mallory seam welding wheels now 
give you a choice of operational qualities, from 
which you can select the type that best matches 
the performance and economic requirements of 
your application. Both are available as rough forg- 
ings, or finished-machined to your specifications, 


For severe service, Mallory cold-forged wheels offer 


the peak in performance. Special Mallory forging 
techniques produce a metallurgical structure that 
has excellent uniformity, hardness and conduc- 
tivity. Made of a variety of Mallory alloys, these 
wheels set the highest standards for long life, 
consistently top welds, and long runs between 
dressing. Alloys are available for welding all kinds 
of materials including coated metals, aluminum 
and magnesium alloys, and stainless steel. 


For less stringent duty, a line of wheels made of 


Mallory 3 Metal is produced without the cold- 
forging operation. Their cost is correspondingly 
lower, and their performance is amply good for 


many jobs. 


Let Mallory welding engineers help you choose 
the type of wheel that your specific application 
requires. And write today for your copy of the 
latest Mallory Resistance Welding Catalog... 
, or get one from your local Mallory distributor. 


° In Canada, made and sold by Johnson Matthey and Mallory, Lad., 110 Industry Street, Toronto 15. Ontario 


Expect More...Get More from MALLORY 


STOCK ELECTRODES 


/ ; Hundreds of shapes and sizes are 

/ j available in stock . with round 

j water holes or the exclusive 

j Mallory fluted cooling hole for 

/ longer life between dressings 

ay ’ Save you both cost and deliv- 
ery time. 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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STANDARD ELECTRODES 


Odd-shaped electrodes you eon 
sider “specials” may well be 
standard items for Mallory 
can be made quickiy with exiet- 
ing tools, in a wide range of 
single-hend, douwble-bend and 
irregular shapes 


, INDIANA 


| 
- 
5 
: DR MALLORYACO Inc 
AE 3 | 
© 
J 


CUT maintenance costs on tough welding jobs 


with the New UNIONMELT DSH welding head 


Trade-Mark 


Here's the low ost, submerged melt welding head 
that saves maintenance costs on tough welding opera- 
tions. The new Unionmerr DSH head combines the 
flexibility of the lighter units with the ruggedness 
needed in heavy-duty welding machines. Large, sturdy 
gears and bearings give long, trouble-free service 
though work may involve frequent starts and stops and 


feeding heavy electrode wire. Simple controls and 
mounting arrangements make the DSH head easy 
to operate and maintain. 

, Untonment welding joins thin metals at speeds up to 
4 200 in, per minute or makes one-pass welds with a 
3-inch penetration if desired. If you have a production 
job in your plant that requires high-quality welds made 
at high speeds, ask your nearest Linpe Office today for 
more information about Untonmert welding. A Linpe 
Engineer will be glad to help you plan your UNtonmeLr 
installation for high-speed, production welding, 


With the new Untonmenr DSH head now avail- 
able in five output speeds, you can select the best 
unit you need for making high-quality low-cost 


welds at the highest welding speeds. 


Linde Air Products Company 
A Division of Union Carbide and Carbon Corporation } 
3O East 42nd Street New York 17, N. Y. 4 


Offices in Other Principal Cities 4 
in Canada: DOMINION OXYGEN COMPANY Trade-Mark 
Division of Union Carbide Canada Limited, Toronto - 


The terms Linde” ond ''Unionmelt’’ are registered trade-marks of Union Carbide ond Carbon Corporation, 
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Monel 
namited 


Proves soundness of welds with 
"130° Monel Electrodes 


Fast method of fabricating this Monel fan hub proves 
strength and soundness of welds-with “130" Monel Electrodes. 
As you can see, dynamite shaping causes no cracks in tough, 
ductile Monel®, nor in the “130" Monel welds. 


“Dynamite die molding” solved a problem for the Moore 
Company of Marceline, Missouri. They wanted to cut produc- 
tion costs on their line of ventilating and cooling tower fans, 
and at the same time take full advantage of Monel’s strength 
and corrosion resistance. This shaping method costs them only 
15 per cent as much as spinning: does a much faster and 
better job 

Ease of welding with “130” electrodes plays a part, too, 
in speeding fabrication of these Monel fan hubs. And “130” 


6 


Monel cylinder is 
lowered into heavily reinforced 
“dynamite die.” It will be partly 
filled with water, and a dynamite 
stick suspended at water level. 


cylinder 
into fan 


The “dynamite die” blows its 
top, while Monel cylinder is 
neatly forced into the contours 
of the die in a single operation. 


Monel Electrodes not only give strong sound welds, but also 
welds that are as corrosion-resisting as the base metal. 


When you weld Monel be sure to use Inco’s “130” Monel 
Electrodes for best results. And for an up-to-date source of 
welding information, write today for the newly revised edition 


of our Welding Bulletin, T-2. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 


4» 
INCO. WELDING PRODUCTS 


Electrodes * Wires * Fluxes 
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EDITORIAL 


WELDING A BETTER NATION 


In less than half a century, welding has multiplied its forms 
many times, developing from a manual maintenance process with 
limited applications into major production processes that can be 
applied where justified on a fully automatic basis to many applica- 
tions involving a wide range of materials. Welding as a method 
of fabrication has become so generally accepted that before the 
introduction of a new metal or alloy its welding characteristics 
must be known. 

Having won for itself an indispensable place in American 
industry, it has also—by that very fact--won an important place 
in American life, touching virtually every facet of our existence, 
from items of a defense nature to those which contribute to our 
immediate comfort, convenience, instruction, and entertainment. 

The AMERICAN WELDING Soctery is both an expression of this 
progress and a stimulant to it. Over the years, the annual meet- 
ings of the AMerICAN WELDING Soctery plus local Section meetings, 
the monthly issues of Tur WeLpine JouRNAL, and now a great an- 
nual convention, have established the value of a technical forum of 
major magnitude—a kind of industrial seminar for contributions 
to the sum of engineering knowledge: progress reports, new de- 
velopments in the field, and differences of opinion. From all 
this a more exact knowledge and improved welding practices have 
continually emerged. Today, the American Welding Society is 
the one authoritative source of information on welding in this 
country. Asa result, the welding codes and specifications employed 
by Government agencies and industries are built around funda- 
mentals developed by the many technical committees of the 
Society. 

There is no doubt that the industrial future of our country 
holds great p-omise for the ever increasing application of welding 
and its allied processes. We in industry share the prospect of a 
brighter tomorrow wherein welding and the Socrery join together 
to weld—literally——a better nation. 


J. H. Humberstone 


PRESIDENT 
AMERICAN WELDING BOCITRTY 


q 
: 
q 


from 113 ate 
- — 
| 
8 
THe Weipine Journan 


1954 ADAMS LECTURE 


THE TOUGHNESS OF WELDABILITY 


Appropriate evaluation of toughness factor facilitates selection 
of base metals, welding procedures and quality control tests 


By WILLIAM L. WARNER 


WILLIAM L. WARNER 
a native of Burlington, 
Vt., received his formal 
education in New. York 
State. After receiving 
his B.S. and M.S. degrees 
in Civil Engineering from 
Union College in Schenec- 
tady, he spent several 
years in the employ of the 
General Electric Co. In 
1932, Mr. Warner joined 
the Watertown Arsenal 
and has been with this 
organization ever since, 
At the present time, he 
holds the position of En- 
gineering Research Ad- 
viser, Mr. Warner's ex- 
perience has been devoted almost entirely to welding 

Mr. Warner has served on several project committees of the 
American Wewvina Society, Welding Research Council, 
American Society for Testing Materials and others. At the 
same time he has written a large number of articles and papers 
on welding, many of them being published in Tae Wetpine 
JOURNAL. 


I deeply appreciate the great privilege afforded 
me by this opportunity to present the Twelfth Adams’ 
Lecture in honoring that great welding crusader, the 
Architect and Founder of the AMeRICAN WELDING 
Society, Dr. Comfort A. Adams. It is with a mingling 
of pride, thankfulness and humility that I perform 
this assignment. As an individual citizen, I am proud 
to offer a sincere tribute to a great teacher and an old 
friend, the Elder Statesman of the Welding Fraternity. 
As an old fencewire welder I am thankful that, in our 
time, there was such a man with the vision and the 
courage to originate and, over the years, to actively 
and successfully promote this enterprise which is now 
our AMERICAN Society, with all its related 
interests and accomplishments of today. And, as an 


Presented at the AWS Thirty-Fifth National Fall Meeting in Chicago, Nov. 
1-5, 1954 


old member of the AMericaN Wetpine Society, | am 
humbled by a realization of my own ignorance of so 
many of the whys and wherefores of welding technology 
in this modern Atomic Age. 

As I see it now, after some 30 years of observation, 
the practice of welding has grown from an unknown 
laboratory curiosity to acquire such a mighty industrial 
stature that, in its varied forms, it has become an es- 
sential part of practically every fiber of our modern 


Typical failure caused by lack of adequate toughness 
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society. This status of welding serves as an enduring 
monument to the wisdom and the efforts of those who, 
in its early beginnings, had a guiding hand in its de- 
velopment and its promotion, 

I wish also to express my appreciation to the Ord- 
nance Corps, U. 8. Army, the Commanding Officer of 
Watertown Arsenal, and the Director of Laboratory, 
Watertown Arsenal, for the opportunity to prepare this 
discussion and for permission to use data from recent 
Ordnance research and development projects. The 
assistance rendered by Watertown Arsenal Laboratory 
personnel in the preparation of data is also acknow!l- 
edged 

It must be understood that none of the statements 
made or concepts presented in this discussion are to be 
taken as representing policies or intention of the 
Ordnance Corps, U. 8. Army. 

The subject I have chosen to discuss here is the 
toughness of weldability, which is only one part of the 
over-all weldability problem. From the definition of 
weldability in the AWS Standard Nomenclature we 
find that the weldability of a metal involves not only 
the making of a sound weld in joining metal parts to- 
gether but also the properties of that weld joint with 
reference to its serviceability. Thus, the determination 
of weld joint properties for an evaluation of service- 
ability is just as important a part of the weldability 
evaluation of a metal as is the determination of the 
welding procedure required to produce a sound welded 
joint in that metal, 


A Definition of Toughness 


lor use in the design of weldments, as well as base 
metal selection, the weld-joint strength characteristics 
usually are determined in terms of maximum load per 
unit area of the net cross section, and the deformation 
to fracture is expressed in terms of percentage change of 
dimensions in the gage length of the test specimen. 
The latter data are generally referred to as “ductility” 
which is taken to represent the ability of the metal to 
deform under loading sufficient to produce plastic flow 
to complete rupture of the metal. 

However, this ability to deform, measured inde- 
pendently of the load applied and the time during 
which deformation occurs, cannot always be exercised 
because the stress pattern under load may be such as to 
restrain the metal from deforming readily. For serv- 
iweability under such conditions a characteristic, 
referred to as “toughness,’’ is most important since it 
involves the ability to sustain load while deforming and 
is not synonymous with ductility. This characteristic 
of “toughness"’ is indicative of the metal’s ability to 
absorb energy while deforming plastically; thus in- 
volving ductility together with load-carrying capacity 
or “ability to deform plus ability to sustain load during 
that deformation.” 

According to A. C. Vivian, discussing “Strength of 
Materials” in Metallurgia, Volume 31, and referring to 
toughness “‘it is, in fact, the specific work of reaction by 
work per unit volume, up to any desired point of stress 
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and strain, up to the fracture point if desired.” The 


toughness value is a “fundamental constant minimum 
for any particular pure metal or alloy.”” In his dis- 
cussion Vivian points out that “Inertia of the atoms 
accounts for the higher stresses of higher loading rates’ 
and “the principles of thermodynamics call for lower 
strains to keep the total energy constant.”” Reference 
here is to the work per unit volume, and this concept as 
expressed by Vivian suggests a possible mechanism 
which controls the characteristics of metal fracture as 
the strain rate or temperature varies. 

This property of toughness, with which we are pri- 
marily concerned, is essentially a characteristic which is 
manifested during the plastic behavior of metal, so 
that if there is no plastic behavior there can be no 
evidence of toughness. And conversely, if there is no 
evidence of toughness, under the deformation condi- 
tions imposed, there can be no plastic behavior prior 
to final separation of the metal. In such cases a 
brittle fracture occurs when the maximum load stress 
equals the fracture strength of the metal. In other 
words, the metal is completely elastic, has no plastic 
range, and exhibits a brittle fracture upon rupturing. 

Since the manifestation of this characteristic of 
toughness is known to vary with the rate of straining 
of the metal and the temperature of the metal at the 
time of load application and, also, in varying degrees 
depending on how the testing is performed, any evalua- 
tion of toughness is relative or qualitative only. Since 
toughness data are never determined on an effective 
unit basis, because the metal volume deforming is 
usually too difficult to determine readily, the weldment 
designer cannot use toughness data directly in design 
calculations. He can, however, utilize such data in the 
selection of base metals and procedures for fabricating 
weldments. 


The Desirability of Toughness 

Since the usual serviceable performance of weldments 
is regarded as being associated with carrying load stres- 
ses which are always within the elastic strength of the 
base metal, one may rightfully wonder why should we 
be interested in this toughness characteristic which is 
manifested only during plastic behavior of the base 
metal? There are several reasons for this great in- 
terest in the toughness of metals. 

First, the Ordnance Corps is quite commonly con- 
fronted with field service requirements dictating the 
need for weldments which can undergo some plastic 
deformation under high strain rates without complete 
destruction of their serviceability. 

Second, in the fabrication of weldments some part of 
what might be calied “The Production Triumvirate’’ is 
usually lacking. This Triumvirate is understood to 
mean perfection in three items: design, workmanship, 
and evaluation of maximum service loading require- 
ments for the weldment. For, if there are no defects in 
design or workmanship and if the maximum service 
loading requirements are correctly predicted to be 
within the elastic range of the base metal, the weld- 
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ment, as far as service performance is concerned, may 
be fabricated of either cast iron or glass with periect 
safety against catastrophic failure since there is no need 
for toughness. However, such perfection is not always 
practicable. 

Third, weldments have two characteristics —rigidity 
and continuity—which constitute both an advantage 
and a disadvantage from the structural viewpoint. 
The advantage pertains to greater load-carrying ca- 
pacity for the same weight, or reduction in weight with 
the same load-carrying capacity as that of nonrigid, 
noncontinuous structures. The disadvantage pertains 
to the danger of initiation of rupture, due to rigidity 
and the presence of stress concentrators, or fracture 
nucleators, and the opportunity for propagation of the 
rupture because of structural continuity, together with 
a possible lowering of the toughness property of the 
base metal in the heat-affected zone due to welding. 

In general, the fracture of metals in weldments 
adequately designed from the strength viewpoint, 
usually initiates at some discontinuity in either the 
metal] itself or the surface contour of the metal. These 
may be discontinuities due to either workmanship or 
design of the weldment. The residual stress pattern 
associated with welding may be a contributory factor 
under some load conditions. However, the influence 
of this stress pattern on the initiation and propagation 
of fracture of welded joints under shock loading is rela- 
tively minor in comparison to the influence of the 
toughness properties of the weld metal and the heat- 
affected zones associated therewith. The ability to 
sustain a high load stress suddenly applied while 
yielding locally will minimize the effect of metal dis- 
continuities, as stress concentrators or fracture nu- 
cleators, in the initiation of fracture. Also, once the 
metal separation has begun, the toughness property of 
the weld joint and base metal is the most effective in- 
fluence in minimizing the extent of propagation of that 
separation. 


Evaluating Weld-Joint Toughness 


Usual laboratory methods of testing ferrous metals 
for relative toughness involve the use of notched bars 
under dynamic loading over a range of temperatures. 
For a complete evaluation this temperature range must 
be wide enough to encompass both a completely ductile 
and a completely brittle fracture of the test bar. The 
transition range, or a temperature therein, designated 
by a specific energy value or fracture requirement, 
serves a8 a comparative evaluation for toughness in 
the unwelded state, but, unfortunately, this test proce- 
dure is not effective for evaluating the toughness of a 
welded joint. This test procedure can be and is used 
for testing the weld metal itself, but, as far as the 
performance of the welded joint is concerned, testing 
the weld metal or the heat-affected zone alone tells 
only part of the story. However, for some control or 
classification purposes minimum energy values are pre- 
scribed for weld metals at specified temperatures 

The usual are-welded joint involves three elements in 
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Fig. | H-plate shock test of weldments 


its load carrying performance—the weld metal, the 
bond between weld metal! and base metal and the heat- 
affected zone of the base metal. In testing the weld 
joint for performance characteristics one is interested in 
determining not only the over-all joint properties but 
also which of the three joint elements is weakest. 
That is, if fracture is to oceur, where does separation 
start, and what path does it follow during the progress 
of the separation? Thus, it is not desired to locate 
the start of separation arbitrarily by placing a me- 
chanical notch in either of the three elements of the 
welded joint individually 

However, the use of notches for evaluating the plastic 
behavior of metals (often termed “notch sensitivity”’ 
or “notch toughness’’) has some attractive features in 
the physical sense. I[t is the simplest way in which 
the metal at the start of separation can be multi- 
axially stressed to its fracture strength under practicable 
laboratory conditions in order to determine its fracture 
characteristics. Also the use of a notch obtains greater 
sensitivity to differences between metals of varying 
toughness at normal temperatures, i.e., it permits dif- 
ferentiation at normal temperatures, which would not 
otherwise be obtainable except. by testing at extremely 
low temperatures or relatively high strain rates. 

It might be expected that a welded joint, which has 
acceptable toughness, should have a weld metal, a 
bond and a heat-affected zone all of which are equally 
tough. This concept is not necessarily true since the 
contour of weld reinforcement has a marked effect on 
the deformation of the welded joint. Fractures of 
welded joints, having weld metal of a high level of 
toughness, in plate material, having a high level of 
toughness in the unwelded state, have been noted to 
start at the toe of the weld reinforcement, in the region 
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Fig. 3 Butt-welded joint; notch-bend specimen 


of the bond, and to propagate almost entirely in the 
heat-affected zon» without entering either weld metal 
or the unaffected base metal. In such instances one 
might wonder whether such performance is due to the 
high toughness of the weld metal, a tendency toward 
brittleness of the heat-affeeted zone or to the mechanical 
stiffening effect of the weld reinforcement. 

Considerable notched-bar testing of weld heat-af- 
fected zones has been done, including notch-sensitivity 
studies of synthetic weld heat-affected metal in which 
the metallurgical structure of the test bar has duplicated 
that of various locations in the heat-affected zone of the 
weld. Such data are most interesting, informative 
and valuable and in no way to be depreciated. How- 
ever, assuming that the toughness level of both the 
weld metal and its heat-affected zoue are adequately 
determined by thus testing each of them independently, 
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how does one go about putting these data together in 
order to come up with an appropriate value for the 
welded joint as a whole? Can two and two be put 
together to make four in such cases and is four the right 
answer for the welded joint? The writer believes that 
any weld-joint toughness evaluation must be obtained 
by testing the joint in its entirety in order to have over- 
all practical significance. 

It is further suggested that, for purposes of com- 
parison, the details of a weld-joint toughness test need 
not exactly simulate service conditions for the welded 
joint, since toughness is a qualitative characteristic, 
but it is admitted that the closer the test conditions do 
simulate service the more generally acceptable would 
be the results obtained. In any event, for a proper 
evaluation of the toughness of a welded joint, both the 
unaffected base metal and the welded joint itself must 
be tested in the same rnaanner so that the ratio of the 
performance of the welded joint to that of the unaf- 
fected base metal can be obtained. This toughness 
ratio is of interest to the designer since he is usually 
concerned with the question of how much damage, if 
any, welding has done to the base metal which he has 
selected for the weldment. The possibility of cata- 
strophic rupture is the designer’s nightmare. 

The development of low-hydrogen covered ferritic 
alloy electrodes for welding base metals of high strength 
in the heat treated condition has made it possible to 
obtain welded joints having a tension strength level 
up to 130,000 psi, with a yield strength level of 110,000 
to 115,000 psi, in the as-welded condition. These 
high-strength weld metals generally show best tensile 
and toughness properties without a postwelding heat 
treatment since the carbon and alloy contents are kept 
as low as possible to obtain good fabricability char- 
acteristics with normal base metal ambient tempera- 
tures, i.e., with a minimum of preheat. These weld 
metals are generally embrittled in varying degrees by 
any post welding heat treatment. 

Weld metals of higher carbon and alloy content can 
be obtained with commercially available ferritic alloy 
electrodes but the successful use of these electrodes in 
welding heat-treated alloy steels requires a minimum 
base metal ambient temperature of about 250 to 
300° F. With these weld metals an improvement in 
tensile and toughness properties can be obtained by a 
post welding heat treatment. 

When fabricating weldments of these high-strength 
heat-treated alloy steels for dynamic service loading, 
the most perplexing problem of evaluation involved is 
that of determining by some laboratory method the 
effect of the welding procedures utilized on the probable 
deformation characteristics of the weldments under 
shock loading. Such an evaluation has a twofold 
objective: (1) the selection of welding procedure fac- 
tors which will consistently produce the best possible 
combination of weld-joint strength and toughness, and 
(2) the establishment of minimum practicable quality 
standards and quality control procedures. These con- 
siderations are of vital concern to the welding engineer 
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and those concerned with the acceptance inspection of 
weldments for this type of service. 


A Possible Method of Evaluation 


Since the early part of World War II, the Ordnance 
Corps has been utilizing what is known as the “H- 
plate Shock Test’’ for evaluating the tovghness of 
welded joints produced by the joint welding proce- 
dures which are to be used in fabricating weldments of 
high-strength steel plate. The test specimen is of the 
form and size shown by Fig. 1. It is tested by shooting 
a chunk of steel at it to impact at one or more of the 
locations indicated by X. The weight and velocity of 
missile used and the acceptable target performance de- 
pend upon the type and thickness of plate used. 
These details are prescribed by applicable specifica- 
tions. 

In the preparation of this H-plate specimen it is re- 
quired that the “‘legs’’ of the H be completed before 
welding the crossbar. Thus, the making of a speci- 
men, which is satisfactory from the standpoint of 
soundness of the welded joints, is a rather severe test 
of the fabricability of the joint welding procedure 
used. The radiographic soundness standards re- 
quired are prescribed by applicable specifications. 

It is recognized that the use of this sort of test for 
development as well as the determination of accept- 
ability of welding procedures for various joint designs, 
plate thicknesses and chemistries, processed conditions 
and varieties of welding electrodes, is a rather ex- 
pensive and time-consuming procedure. The shock 
testing of an H-plate requires larger and more extensive 
facilities than are generally available in the average 
materials testing laboratory. 

From these considerations it would appear desirable, 
if possible, to try to determine acceptability by utilizing 
some testing method which could be conducted ef- 
fectively in a materials testing laboratory, and thus 
not only increase the availability of testing facilities 
but also reduce the time and expense involved in test- 
ing. The basic question here is—-can a comparative 
performance rating, obtained for welded joints de- 
formed under a low strain rate, as would obtain with a 
laboratory test method, be taken to indicate the com- 
parative order of performance rating of these joints, 
when deformed under a high strain rate, as would ob- 
tain with a ballistic shock test? 

The idea is illustrated schematically by Fig. 2 which 
shows several theoretical performance curves. The 
question is—can we take the relative performance 
rating shown at BB as indicating the expected relative 
performance rating at CC? This is a very interesting 
question and one which the writer believes may be 
answered affirmatively with some limitations. If 
toughness is the vital factor in the performance at BB, 
then the relative performance at BB should indicate 
the order of merit for a performance at CC which is 
based upon the same vital factor of toughness. This 
concept is believed to be fundamental and its work- 
ability depends largely upon whether adequate dis- 


crimination of performance can be obtained at BB. 

As a practical illustration of this idea it is desired to 
show some of the results of an Ordnance Corps Develop- 
ment Project recently completed. In this project the 
primary objective was the development of a laboratory 
test method for evaluating the toughness of a welded 
joint in high-strength steel plate 

To investigate this possibility a bend test was used 
with a specimen of the form and size shown by Fig. 3. 
Although a notch is used, it will be noted that its place- 
ment is such as to favor neither weld metal, bond or 
heat-affected zone with reference to fracture initiation, 
Also the use of a notch as shown here removes any in- 
fluence which the irregularities of weld reinforeement 
might have on fracture initiation. At the base of the 
notch each of the joint elements is subjected to similar 
restraint conditions in bending. 

By testing a number of these specimens in slow bend- 
ing to fracture at several temperatures and taking the 
area. under the load-deflection curve, up to effective 
fracture, as a measure of the energy to rupture, it was 
possible to obtain an energy-temperature curve for the 
specimen. A typical load-deflection curve for speci- 
mens welded with an austenitic weld metal is shown by 
Fig. 4. The area to effective fracture at room tempera- 
ture is taken as OBCD. At a temperature of —65° F 
the area is approximately that shown by OBAF, 

The basic purpose of this test is a determination of 
the comparative bend performance of the welded joint 
and the unwelded base metal. The test gives a bend 
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Fig. 4 Typical load-deflection curve, notch-bend specimen 
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comparison between a plate specimen without any joint 
and a plate specimen of the same dimensions but having 
a welded joint longitudinally through its middle. In 
the work project to be described it was desired to deter- 
mine whether any correlation could be found between 
the bend performance of this notch-bend specimen and 
the ballistic shock resistance of the welded joint in the 
H-plate. 

Before proceeding with the test data it is desired to 
briefly consider the possible deformation phenomena 
involved when the weld joint is impacted by the pro- 
jectile in the shock test. Obviously the weld joint is 
bent in both the longitudinal and transverse directions 
simultaneously when impacted and the area of load 
application is quite localized. It is also obvious that 
any initiation of rupture of the weld joint is con- 
ditioned by the energy of the impact being great enough 
to produce a stress level, at some point in the area of 
deformation, which exceeds the fracture strength of the 
material at that point. The stress level produced at 
any particular point in the area of deformation is con- 
ditioned, to some extent, by the weld-joint geometry 
and by the ability of the material to yield without sepa- 
ration as deformation progresses at a high rate. 

Assuming a sound weld joint, at normal temperatures 
the weld metal, on the tension side of the plate, is 
capable of stretching longitudinally to some degree with- 
out rupturing while, at the same time, the weld rein- 
forcement causes, along its edge, a concentration of 
transverse stress which, if the weld metal yield strength 
is high enough and the deformation proceeds far enough, 
initiates fracture adjacent to and parallel to the weld at 
the bond or in the heat-affeeted zone. The extent 
of the rupture is dependent not only upon the energy 
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Fig. 5 H-plate shock performance 
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of the impact but also upon the toughness level of the 
heat-affected zone, i.e., its ability to absorb energy by 
deformation at a high level of load application over a 
very short period of time. 

A heavy weld reinforcement will increase the trans- 
verse stress concentration whereas a light reinforcement 
reduces this stress concentration and improves the 
ability of the weld joint to deform without initiating 
rupture, other factors such as joint geometry and weld- 
joint soundness being eonstant. 

As the temperature of the metal is lowered the frac- 
ture continues to occur adjacent to and parallel to the 
weld joint until some temperature is reached at which 
the weld metal, having lost considerable ‘“stretch- 
ability” in the longitudinal direction, will not allow the 
transverse stress concentration of the reinforcement to 
become effective in fracture initiation. The weld 
metal then ruptures transverse to the joint and fracture 
progresses into the base metal in various directions, 
provided the temperature is low enough to reduce the 
toughness of the base metal sufficiently to permit it. 
In such cases there is extensive plate rupture of the type 
known as “star cracking.” However, if the base metal, 
outside the heat-affected zone is sufficiently tough at 
this test temperature, the fracture is confined mostly 
to the heat-affected zone and is generally parallel to the 
weld joint. 

Thus, if we can in some way evaluate the tendency 
of the weld joint to fracture transversely in bending, 
or its longitudinal “stretchability,” by a simple bend 
test over a range of testing temperatures, it might be 
possible to compare and evaluate weld metals and 
welded joints for that sort of deformation of the weld 
joint which is involved in the ballistie shock test. 


A Correlation Test Program 


For the test program all preparation of test speci- 
mens and the bend testing were performed by Battelle 
Memorial Institute under the supervision of C. B. 
Voldrich in accordance with an Ordnance Corps 
Development Contract. Plate material was supplied 
by the Ordnance Corps through Detroit Arsenal and 
the work program was conducted over a period of 
approximately three years. All ballistic testing was 
performed by Aberdeen Proving Ground, Arms «& 
Ammunition Division, Armor Branch. 

Plate material of 1 in. thickness, all from the same 
heat of steel, was used for fabricating several series of 
H-plates and notch-bend specimens, all with the same 
joint geometry and weld metal layer sequence, as 
shown by Fig. 3. Six weld metals were involved, five 
ferritic and one austenitic. Three electrodes of the 
ferritic group were commercial brands, one each ap- 
proved as Grade 180, Grade 230, and Grade 260 under 
Specification MIL-E-986. Two of the ferritic elec- 
trodes were experimental grades, one of Mn-Mo 
chemistry and the other of Mn-Ni-Cr-Mo-V chemistry. 
The austenitic electrode was a Type 307 Mn-modified 
18/8 of commercial manufacture. Typical weld metal 
properties are shown by Table 1A. 
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Table 1A—Chemistry and Mechanical Properties of Weld Metals 
Pro- Elonga- Reduc- 
gram Yield, Tensile, tion tion of 
part Electrode psi pst % area ( Vn Si Vi Cr Mo J 
Type 307 66 , 000 90,000 4.0 0.09 3.78 £064 0.66 20.22 1.40 
Gr. 180 (7015) 68,000 75,000 33.0 67.0 0.10 0.70 0.35 , 
Gr. 260 (12015 107 ,000 118,000 19.0 52.0 0.07 0.75 0.33 1.75 0.80 0.20 
2 Gr. 230 (10016) 91,000 102,000 24.0 (4.0 0 07 0.74 0.21 1.72 0.29 0.13 
BMI43AG 103 , 000 118,000 22.0 62.0 0.13 1.68 0.24 0.54 0.10 
BMI41J 132,000 147,000 20.0 54.0 0.14 1.86 0.20 1.42 0.50 0.68 0.17 
Base metal 157 ,000 189,000 
Nore: The first four electrodes listed are commercial brands. The data are manufacturers’ data. 


All welding was performed with an initial plate tem- 
perature of 200° F. A maximum interpass temperature 
of 200° F, was observed throughout the welding opera- 
tion and all specimens were aged at 200° F, for 48 hr 
after welding. These precautions were observed in 
order to minimize the scatter between individual speci- 
mens in testing so that a better comparison of the re- 
sults of the two methods of test might be obtained. A 
special jig was required for welding the bend speci- 
mens in order to prevent distortion during welding. 
The test data indicated that these precautions were 
quite effective in reducing scatter particularly as shown 
by the uniformity of performance of the H-plates at any 
one test temperature. 

In shock testing the H-plates, impacts were delivered 
at a kinetic energy level between 74,000 and 82,000 
ft-lb. 
deformable. 
much bulging of the welded joint as possible without 
These impact 


The projectile was of soft, mild steel and readily 
The object of the test is to produce as 


punching a hole through the plate. 
energy values were selected from previous experiments 
such that a start of fracture could be produced at room 
temperature, but that, at the lowest testing tempera- 
—65° F, 
would not occur 


ture of a complete rupture of the H-plate 
These results were quite successfully 
obtained with all of the commercial weld metals except 
the Grade 180 weld metal. 

The performance of the welded joint in an H-plate 
under shock loading is generally based upori an extent 
of separation rather than an amount of deformation 
since it is a simpler determination to make, and, for 
practical purposes, serves as a good qualitative guide 
to acceptance or rejection of the welding procedure 
used to make the specimen. In order to be regarded 
as weld-joint cracking the separation must be within 
the outer boundaries of the heat-affected zone of the 
joint. Cracking outside of these boundaries is re- 
garded as plate cracking and is so reported. 

In conducting the test program referred to, the work 
was carried out in two parts with the thought that, if 
the data of the first part indicated a correlation be- 
tween the performance of the welded joint in the notch- 
bend test and the welded joint in the H-plate, then the 
notch-bend data of the second part could be used to 
predict the performance of the H-plates in the second 
part of the program and, if the prediction should prove 
out, thus strengthen the validity of the correlation 
observed. 
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Table 1B—Charpy V-Notch Transition of Weld Metals 
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Varimum Start of fracture, 10 ft-lb 
Weld energy britlleness lempera- tempera- 
metal ft-lb | ture, ° F ture, ° F 
Type 307 60/75 +75 150 — $20 
Grade 180 70/75 + 100 +25 -25 
Crade 260 55/60 +-225 +50 -75 
Grade 230 70/80 + 100 0 
BMI43AG 70/80 + 150 10 — 100 
BMI41J 15/50 +190 +25 ~ 50 
Base metal 25/35 30 70 — 140 
Nore: Bars taken from crossbar welds of H-plates, trans- 


verse to joint, near top of weld with notch vertical, Bars from 
base metal taken transverse to rolling with notch perpendicular 
to plate surface. 


Program—Part 

The first part of the program involved three sets of 
H-plates, 12 per set, and three sets of notch-bend speci- 
mens, 20 Three H-plates were 
tested at each of four temperatures, Room, 0, ~40 and 
-65° F, 
range of temperatures (+400 to 


specimens per set 
The bend specimens were tested over a 
250° F) to estab- 
lish a bend-energy-temperature curve. The weld metals 
involved in Part 1 were the Grade 260 (E-12015), 
the Grade 180 (B-7015) and the Mn-modified 18/8 as 
shown by Table 1A. These weld metals were selected 
because of their widely different strength and ductility 
characteristics. Their Charpy V-notch transition char- 
acteristics are indicated by Table 1B 

In this table the energy levels and other data per- 
taining to Type 307, Grade 180, Grade 230 and BMI- 
Although the 
energy level is approximately the same (60-80 ft-lb) for 
all four of them, the start of brittleness occurs first 
(150° F) with the BMI43AG and last with the Type 
307 (75° F). With the other two weld metals the start 
of brittleness occurs at an intermediate temperature 
which is the same for both (100° F) 

It should be noted also that brittleness is practically 
complete (10 ft-lb) first with the Grade 180 weld metal 
(—25° F) and that the BMI43AG and Grade 230 are 
second (— 100° I). The Type 307 weld metal does not 
become completely brittle until a very low temperature 
is reached (—320° F). 

The Grade 260 weld metal not only shows a lower 
energy value but also the start of brittleness occurs at a 


weld metals should be noted. 


temperature (225° F) considerably higher, and brittle- 
ness is practically complete slightly before the Grade 230 
and BMI43AG at —75° F but after the Grade 180. 
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Fig. 6 Butt joints; notch-bend specimen; |-in. plate 


From these data one might be tempted to predict 
that the ballistic shock performance of the Grade 230 
and BMI43AG weld metals should closely parallel that 
of the Type 307 with the Grade 260 in third place and 
the Grade 180 and BMI41J competing for the last 
position in the order of performance. However, it 
should be borne in mind that the results of the Charpy 
V-notch test of the weld metal do not necessarily show 
the influence of variations in joint geometry on the shock 
resistance of the welded joint. 

The H-plate performance data of Part 1 are shown by 
Fig. 5 wherein the filled-in blocks give the average 
extent of weld-joint cracking per impact per test plate 
at the various test temperatures. The open blocks show 
average plate cracking per impact. It will be noted that 
at room temperature no significant superiority is indi- 
cated for any one of the three weld metals. As the 
temperature is lowered the Type 307 18/8 weld metal 
shows its marked ability to resist fracture. There is 
some evidence of this characteristic exhibited by the 
Grade 260 weld metal (F-12015), but the mild steel 
(Grade 180) weld metal fails completely at 0° F tem- 
perature with no plate cracking. In fact, the Grade 260 
weld metal appears nearly equivalent to the Type 307 
down to a temperature of —40° F, but at —65° F the 
Grade 260 exhibits a very large amount of plate crack- 
ing. This observation suggests that at this low tem- 
perature the weld metal has lost enough longitudinal 
“stretchability” to trigger transverse failure of the 
welded joint which results in extensive plate crack- 


ing. 
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Fig. 7 Butt joints; notch-bend specimen; 1-in. plate 


The median notch-bend curves of these weld joints 
are shown by Fig. 6, together with the curve for the 
unwelded base metal. These bend data show the 
highest fracture energy for the 18/8 weld metal, 
particularly in the range of average operating tempera- 
tures. However, the temperatures at which the various 
energy curves fall off are practically the same for all 
three weld metals and the unwelded base metal. Thus, 
as far as the temperature of drop-off is concerned, there 
appears to be no superiority of any weld metal. 

If, however, one considers the ratio of energies (welded 
vs. unwelded) at various specific temperatures, for ex- 
ample, those temperatures at which the H-plates were 
tested, the ratios given in Table 2 are observed. 

These data show an energy ratio of unity or better for 
the 18/8 weld metal, whereas the energy ratios for the 
other two weld metals do not exceed approximately 80°. 
A comparison of these data with the ballistic data shown 
by Fig. 5 suggests that good shock resistance, particu- 
larly at low temperatures, is obtained when the notch- 
bend energy ratio approaches closely to unity. From 
practicability considerations it is probable that some 


Table 2—Notch-Bend Energy Ratios (Part |) 


Temper- Type 
ature, 307 
ft i Grade 180 Grade 260 18/8 


70 AB/AC 0.74 AB/AC 0.74 AD/AC 1.01 


0 EG/EH 078 EF/EH 0.75 EK/EH 1.05 
-40 LN/LP 0.81 LM/LP 0.75 LQ/LP 1.07 
-65 RT/RU 081 RS/RU 053 RW/RU 1.07 
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Temper- 
ature, Grade 
oF 230 


70 AB/AE 0.80 AD/AE 098 AC/AE 0.97 
0 FG/FK 080 FH/FK 0.97 FL/FK 1.03 
~40 MN/MQ 0.75 MP/MQ 0.89 MR/MQ 1.04 
-65 ST/SW 0.68 SU/SW 0.75 SX/SW_ 1.04 


minus tolerance should be permissible but just what this 
should be is not indicated by these data. Note the 
sharp reduction in ratio of the Grade 260 at —65° F. 


Program—Part 2 


The median notch-bend curves from the second phase 
of the work are shown by Fig. 7. The curve for the 
unwelded base metal is also included for comparison. 
Taking the energy ratios at the same temperatures as 
before those given in Table 3 are found to be indicated. 

From these data, based upon the previous observa- 
tion, one would deduce that the Grade 230 weld metal 
would show a ballistic resistance comparable to the 
18/8 weld metal. Also, the 43AG weld metal might be 
a close second, except possibly at the lowest tempera- 
ture where the energy ratio shows a noticeable drop. 

The shock performance of these welded joints is 
shown by Fig. 8. It may be observed that the order of 
performance rating, based upon the average amount of 
cracking per impact, is similar to that suggested by 
comparing the notch-bend energy ratios shown by 
Table 3. The general order of rating is the same for 
both. This observation, therefore, suggests that the 
comparative shock resistance of welded joints under 
the impact of a projectile, which deforms rather than 
punctures, may be predicted from the longitudinal 
notch-bend energy ratios of these joints obtained from 
the 6-in. wide bend specimen. 

Since the characteristic of toughness is regarded as the 
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Fig. 8 H-plate shock performance 


primary weld-joint property responsible for shock 
resistance it may be concluded tentatively that the 
longitudinal notch-bend energy ratio of the welded 
joint, at any specific test temperature, is a qualitative 
measure of the toughness of the welded joint at that 
temperature. 

It is essential that one have clearly in mind just what 
is meant by this energy-ratio concept. It is not meant 
that the ratio at the low strain rate will be the same as 
the ratio at the high strain rate. However, it is be- 
lieved that the comparative order of performance rating, 
indicated by the energy ratios at the low strain rate, 
will be the same as the comparative order of perform- 
ance rating at the high strain rate. In short, these 
data are comparative only, but they are useful in any 
evaluation for selection of the best possible material 
or technique, or for determination of acceptability once 
an acceptable minimum performance standard has been 
set. 


Desirable Future Studies 


It is recognized that many questions regarding this 
energy-ratio concept are as yet unanswered, The effect 
of varying plate thickness, hardenability and processed 
condition as well as joint geometry on the notch-bend- 
energy ratio is unknown. The data herewith presented 
are concerned with only one plate thickness, all from one 
heat of steel, one joint geometry and onespecimen width. 
Hence, the only major variable involved with both test 
methods is the grade of weld metal used. 

The 6 in. width was arbitrarily seleeted for the bend 
specimen in order to obtain restraint in bending due to 
width, hoping, to some extent, to simulate the effect 
of the unlimited plate width which pertains in the H- 
plate when the welded joint is bent longitudinally by 
the projectile impact. It is not known whether a 
similar comparison can be obtained with a lesser width 
of bend specimen, Attention is also directed to the 
fact that the bend curves shown here are median curves 
and not average curves, since only one test per tempera- 
ture was made. ‘Truly representative energy ratios 
should be obtained from average curves which represent 
the average of several test values at each of several 
test temperatures of wide enough range to cover 
service re<juirements. Questions such ss these must 
be answered by future studies 

There has been some later work done with the longi- 
tudinal bend specimen unnotched using the 6 in. width 
of specimen. The test data show a comparison of weld 
metals which is the same as that presented by the 
notched specimen used here but, in order to obtain this 
resolution of performance, it was necessary to test down 
to temperatures of approximately 150 to 200° F. below 
those necessary when using the notch. Hence, there is 
an advantage in using the notch when testing with the 
longitudinal bend specimen 

It is possible that a notch of lesser depth than 0.10 in. 
may be desirable in order to obtain, at the base of the 
notch, more of the surface layer of the weld which is as- 
deposited metal. It has been suggested that a shallower 
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Weld 
metal 70° F O°F —40" F F 
Type 307 2.40 2.08 2.11 2.36 
Grade 180 15 0.46 0.29 0.23 
Grade 260 1 73 1.00 0.76 0.67 
CGrrade 230 2.5 1.92 1.71 1.19 
BMI43AG 2.16 1.23 1.07 1.06 
BMI4ALJ 1.23 0.75 0.52 0.39 
Table 5—Ffractures of H-plotes 
Tem- 
pera- 
Weld ture Firat Path of 
metal separation fracture 
Type 307 . 70 Bond or Heat- Bond or Heat- 
affected zone affected zone (L) 
0 Bond or Heat- Bond or Heat- 
affected zone affected zone (L) 
10 Bond or Heat- Bond or Heat- 
affeeted zone affected zone (L) 
65 Bond or Heat- Bond or Heat- 
affected zone affected zone (1) 
Cirade 180 70 =Bond or weld metal Bond (L) 
0 Weld metal Weld metal (L) 
Crade 260 70 Heat-affeeted zone Heat-affected zone 
(L) 
0 Heat affected zone Heat-affected zone 
40 Heat-affected zone Heat-affected zone 
, or weld metal or bond (L) 
65 Heat-affected zone Heat-affected zone 
or weld metal or bond (L) 
Cirade 230 0 Bond Heat-affected zone 
and weld (L) 
~40 Bond Heat-affected zone 
and weld (L) 
65 Bond Heat-affected zone 
and weld (L) 
BMI 43AG 0 tHleat-affected zone Heat-affected zone 
(L) 
~40 Ileat-affeeted zone Heat-affected zone 
or weld 4) 
65 Weld (T) Heat-affected zone 
and plate 
BMI 41J 0 Heat-affected zone Heat-affected zone 
4) 
~4 Weld (T) Heat-affected zone 
and plate 
65 Weld (T) Heat-affected zone 


and plate 


notch may produce a better resolution of performance at 
higher temperatures than those found in the testing 
discussed here. 

As ‘ point of general interest the Charpy. V-notch 
energy ratios of these weld metals at the test tempera- 
tures for the H-plates are shown by Table 4. These 
ratios are obtained from the Charpy transition tem- 
perature curves in the same manner as were the notch- 
bend energy ratios obtained from the bend curves of 
Figs. 6 and 7. The Charpy bar positions in the weld 
joint and plate were as indicated by the Note to Table 
LB. 

These data suggest that a Charpy ratio of less than 
unity represents a weld metal which would be expected 
to give unsatisfactory shock properties probably ir- 
respective of joint geometry or processing technique. 
They also suggest that a resolution of differences in the 
toughness property of weld metals can only be obtained 
by , making tests at subzero temperatures since no 
significant differences are indicated by room tempera- 
ture tests alone. 


18 Warner—Toughness of Weldability 


Weld-Joint Fractures 

A study of the fractures of the H-plates indicates 
the data given in Table 5 with regard to the location 
of first separation and the path of fracture. 

It is interesting to note that, with the alloy weld 
metals, the initiation of fracture is associated pre- 
dominantly with either the bond or the heat-affected 
This same tendency was noted in the fractures 
of the notched-longitudinal bend specimens except those 
welded with the mild steel weld metal which failed 
predominantly through the weld metal at temperatures 
other than room temperature. The noticeable tendency 
of the experimental weld metals to initiate fracture 
transverse to the joint at the lower temperatures lends 
some significance to the pronounced drop in energy 
ratios noted in Tables 2 and 3 for those weld metals. 
This observation applies where the shock loading in- . 
volves appreciable bending of the welded joint in the 
longitudinal direction. 

Typical weld-joint fractures are shown by Figs. 9, 10 
and 11. The weld metal fractures exhibited by the mild 
steel weld metal in the region of maximum deformation 
at room temperature is shown by Fig. 9. The heat- 
affected zone fracture of the joint welded with the aus- 
tenitic weld metal is shown by Fig. 10. This is typical 
of all test temperatures used for this weld metal, as 
The 


zone. 


well as several of the ferritic alloy weld metals. 


Fig. 9 E7015 weld, tested at 70° F 
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transverse fracture of the experimental alloy ferritic 
weld metals at subzero temperatures is shown by Fig. 
11. This type of fracture occurred at temperatures 
where a noticeable drop in bend-energy ratio occurred. 

However, it may be noted that the fracture shown in 
Fig. 11 did not develop “star cracking” but progressed 
parallel to the weld through the heat-affected zone. 
At the —65° F temperature this weld metal shows a 
type of fracture similar to that of Fig. 12 which exhibits 
“star cracking.”” From Table 3 it may be noted that 
the energy ratios for these two experimental weld 
metals show a reduction at —40° F of 6 to 8% and a 
reduction of 15 to 25% at —65° F. 

The fracture of the Grade 260 weld metal at —65° F 
is shown by Fig. 13. This is a transverse fracture but 
not one of the abrupt type illustrated by the preceding 
two figures although a very considerable amount of 
plate cracking resulted. This weld metal shows a 30% 
reduction of energy ratio at —65° F as indicated by 
Table 2. In Fig. 14 is shown a fracture which initiated 
in the base metal a short distance from the Grade 230 
weld at a point where a thermocouple was attached to 
the plate. In this instance the weld metal diverted the 


Tension side 


3x Section B-B 


Fig. 10 Austenitic 19-9 Mn weld, tested at —65° F 
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Fig. 11 BMI41J weld, tested at —40° F 


path of fracture into the heat-affeeted zone and bond 
region. The weld did not fracture transversely. This 
occurrence is evidence of good toughness of the weld 
metal at this low temperature. This characteristic is 
also evident from the data of Fig. 8. 

The fracture data shown by Table 5 suggest the 
importance of the role played by the heat-affeeted zone 
of the weld joint in the initiation and propagation of 
fracture of the weld joint In connection with this 
observation it is desired to discuss briefly a concept 
pertaining to evaluation of base metal weldability 
having particular reference to notch toughness of the 
heat-affected zone. This idea may assist the design a 
engineer in the selection of base metals for weldments 
and the welding engineer in prescribing welding pro- 


cedures for fabricating them, 


Evaluating Heat-Affected Zone Toughness 
When fabricating weldments of high-strength alloy 
steels for dynamic loading a very perplexing problem 
confronting the materials engineer is that of a “last 
minute” substitution of base metal. When procure- 


Fig. 13 £12015 weld, tested at —65° F 1/2X 


ment of the steel called for by the design of the weldment 
is attempted the steel is not in stock and a delay in 
procurement may be involved. Often this necessitates 
the use of any available substitute steel in order to avoid 
holding up the start of fabrication operations. 

The basic problem here is to substitute a steel which 
will not only satisfy the weldment design requirements 
as to strength but also present no added difficulties of 
fabricability and weldability. In many instances both 
cannot be accomplished and retained the original fabri- 
cation procedure set up. Usually the design strength 
requirements are given first consideration and the weld- 
ing engineer is confronted with the problem of pre- 
scribing a suitable welding procedure for fabricating the 
substitute steel. Lacking adequate data on weldability 
the welding engineer must either improvise or quickly 
reach a “snap” decision by “cut and try” methods, 

The latter is a common procedure and often, before a 
clear decision can be made, the production fabrication 
setup can be rather badly fouled up. This occurrence 
is almost certain if the substitution is made without 
the knowledge of either the welding engineer or the 
production organization. 

Just what sort of data on steel properties are needed 
in such instances? The strength properties of steels 
under various conditions of processing can be found in 
any steel handbook. The strength of welded joints in 
steels, if not, given in a handbook, can be easily deter- 
mined by a few tests. But one fundamental type of 
data is lacking. What is the effect of welding on the 
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3/4X 
Fig. 14 E10016 weld, tested at --65° F 


toughness of steel and how is this effect influenced by 
changes in welding procedure? With adequate data on 
this point available in graphic form the welding engi- 
neer would have a reliable basis for recommending 
either a suitable base metal substitution or the details of 
a suitable welding procedure for fabrication of the sub- 
stitute steel. 

With reference to the base metal itself the effect of 
welding on base metal properties is largely indicated by 
the properties of the heat-affected zone of the weld joint. 
This heat-affected zone is the connecting link between 
the weld and base metals. It is that portion of the base 
metal which has been most markedly affected by the 
welding operation. When external loading is applied 
to the weld joint this heat-affected zone is subjected to 
some stress concentration because of the geometry of 
the joint and is usually the site of fracture initiation. 

These considerations suggest the importance of the 
metallurgical characteristics of this heat-affected zone 
in determining the change which welding has produced 
in the toughness of the base metal with particular re- 
gard to its performance in the welded state. A method 
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Fig. 12 BMI43AG weld, tested at —65° F 1/2X 
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STANDARD Ban hardenability 
LOCATION NO. 2 
Fig. 17 ° Subsize Charpy in 
heat-affected zone 
; = , 1 relatively large amount of unaffected base metal in the 
preys. | * fracture section of the test bar (dimension 8S). The 
effect of this portion of unaffected base metal on the 
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Fig. 15 Charpy notch location 
in heat-affected zone 
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Fig. 16 Bead weld heat-affected 
zone hardness 


of evaluating the notch toughness of the heat-affected 
zone in comparison with that of the base metal, un- 
affected by welding, might indicate this change and 
thereby facilitate the selection of steels, for weldments 
subject to dynamic loading, where a substitution of one 
base metal for another is necessary 

In Fig. 15 is illustrated a method of using the standard 
Charpy V-notch bar for this purpose with the base of 
the notch at three locations in the heat-affected zone. 
These locations are shown with reference to a micro- 
hardness survey vertically on the centerline of the weld 
bead through the heat-affected zone, by Fig. 16. An 
investigation of single-weld-bead-on-plate specimens 
using this method has been recently completed on a 
series of commercial alloy steels of ideal bar diameter 
ranging from about 0.5 to 7.0 in. 

While the results of this investigation are exceedingly 
interesting and instructive, the method illustrated here 
has one serious limitation which would prohibit its use 
for the purpose the writer has in mind. As indicated 
by Fig. 15, the Charpy bar of standard size contains a 
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energy of fracture of the test bar will diminish the 
significance of the Charpy bar value as to its being solely 
representative of the heat-affected zone itself. The 
mechanism of the Charpy test is such that one cannot 
differentiate between the two effects (heat-affected zone 
and unaffected base metal) on the fracture energy of the 
test bar, 

In order to avoid this difficulty, the use of a subsize 
Charpy bar is suggested, as shown by Fig. 17. As 
shown here, the subsize bar should have the same ratio 
of cross-sectional dimensions as the standard bar but 
the over-all size (dimension C) would be selected in each 
case such as to just fit the test bar into the heat-affected 
zone so that no unaffected base metal will oceur in the 
fracture section of the test bar. In all cases the notch 
would be located with its base at the point of maximum 
hardness in the heat-affected zone (dimension D,) of Fig. 
16 with the thought that the maximum effect of welding 
on the notch toughness of the base metal would be shown 
by initiating fracture in the region of maximum grain 
size and hardness in the heat-affected zone. 

The conduct of such a study is neither simple nor 
easy. There are many opportunities for errors in 
technique. For each welding energy input and base 
metal thickness combination a specific size of test bar 
must be used. As the energy input-thickness combina- 
tion varies the size of the test bar will also vary, irre- 
spective of the hardenability of the steel. However, 
the location of the point of maximum hardness in the 
heat-affected zone will be essentially constant for any 
specific energy input-thickness combination and this 
location will not vary appreciably with steel harden- 
ability. The problem of accurately locating and ma- 
chining the Charpy bar is of major importance in this 
study since the test bar size will be variable and de- 
pendent upon the particular combination of welding 
energy input and base metal thickness being used. 
Selectivity Index 

Since the weldment designer and the welding engi- 
neer are interested primarily in the relative effect of 
welding on the toughness of the base metal, in a com- 
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parative sense between steels for the purpose of selec- 
tivity, it would appear that a ratio between the Charpy 
value for the heat-affected zone (Cw) and the Charpy 
value for the unaffected base metal (C») would be more 
informative than simply an energy value for the heat- 
affected zone itself. It would be expected that the 
foot-pound value determined for the heat-affected zone 
in the manner described here would be dependent, to a 
considerable degree, upon the metallurgical character 
of the unwelded base metal, which is the basic state from 
which the heat-affected zone structure was derived by 
the application of welding heat energy, as well as the 
size of test bar used. Hence, the Charpy ratio (Cw/C») 
would seem to give a more reliable comparative evalua- 
tion of welding heat effect than an energy value alone 
and this ratio would serve very adequately as a ‘‘selec- 
tivity index” for welding base metals. 

One may go even further than this and suggest that 
this selectivity index can be used as a guide to selection 
of joint welding procedure. For, if the effect on the 
Charpy ratio (Cyw/C>) of base metal ambient tempera- 
ture, hardenability, processed condition and weld 
energy input are known, the selection of welding pro- 
cedure which will produce a desired Charpy ratio of the 
heat-affected zone is made possible. 

In determining this Charpy ratio, or selectivity 
index, whichever one may wish to call it, it will be 
necessary to determine very carefully the Charpy 
value (Cy) for the unaffected base metal. The test 
bar must be located in the base metal such that the 
position of the notch is the same, with reference to the 
major rolling direction of the plate, as is the position of 
the notch in the heat-affected zone of the weld speci- 
men, Also it is most important that the sizes of both 
test bars (heat-affected zone and unaffected base metal) 
be identical in each case in order to correctly obtain 
the proper value for the Charpy ratio. As previously 
indicated, the exact Charpy bar size will vary with each 
combination of welding energy input and base metal 
thickness. 

It might also be expected that the Charpy ratio 
would vary not only with steel hardenability but also 
with the base metal processed condition and ambient 
temperature when welded, as well as welding sequence 
and a number of other factors. In a practical sense 
much welding is performed with a multipass technique, 
but basically the success or failure achieved in welding 
a joint is largely influenced by the nature of the first pass 
made in starting the weld metal deposition. Hence, a 
single bead weld, as suggested by Fig. 17, would offer a 
practicable initial approach to a basic study of the effect 
of welding on the toughness of the base metal. 

If a series of tests of the sort proposed here were to be 
made on one plate thickness of a number of steels in 
identical processed condition, covering a range of 
hardenability, utilizing either a number of welding 
energy inputs or a number of base metal ambient tem- 
peratures or both, it may be assumed for argunyent that 
the data on average Charpy ratio from room tem, ra- 
ture tests, might be plotted somewhat as shown by 
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Fig. 18. In this figure the curves A, B, C, D and F£ 
may represent either various weld energy inputs or 
various base metal ambient temperatures. For the 
purposes of illustration, the exact shape of the curves is 
immaterial since the basic question is whether or not 
curves of this sort can be produced at all. At the 
moment this is rather of the nature of an assumption 
but is believed to be practicable and it would be ex- 
pected further that Charpy testing at other than room 
temperature should produce a different set of curves for 
each test temperature used. Multipass deposition 
should also produce differences but the effects of both 
factors are presently beyond the possibility of estima- 
tion. 


Engineering Application 


Assuming that the data would justify the form of 
representation illustrated, the question arises as to how 
the welding engineer might utilize such data. It is 
obvious that the method followed would depend upon 
the particular situation and the individuals involved. 
Also, for effective usage, a number of charts similar to 
that of Fig. 18 must be available to show the ratios 
obtained at a number of testing temperatures for heat- 
affected zones generated by several weld-energy inputs 
at several base metal ambient temperatures with 
several welding sequences on base metals in several 
processed conditions. 

Assuming that such data are available, the problem 
of base metal selection becomes one of finding a steel! 
capable not only of strength characteristics to satisfy 
the design requirements but also of giving a Charpy 
ratio equal to or better than that of the base metal, 
originally selected by the designer, when welded by the 
prescribed procedure. 

It may be that the base metal finally selected 
would necessitate some modification of the prescribed 
welding procedure in order to preserve the desired 
Charpy ratio in the heat-affected zone. Such details 
would be determined by a careful search of the avail- 
able curves of data. In any event, data of the sort 
suggested would enable a more accurate selection of 
welding procedure for fabrication and serve as an en- 
gineering guide to selection of base metals for weld- 
ments subjected to dynamic loading. 

In conclusion, I should like again to emphasize the 
importance of appropriate evaluation of the toughness 
factor of base metal weldability not only to facilitate 
the selection of base metals but also to facilitate the 
prescribing of proper welding procedures and the mini- 
mum of control testing adequate to insure a prescribed 
quality of weldments, where dynamic load stresses are 
involved. 

The accomplishments in this direction, already 
achieved by the AMERICAN WELDING Soctery’s research 
and development activities originally initiated so long 
ago by Dr. Adams and his contemporaries, inspire al! 
of us in the welding field to continued effort with an 
enthusiasm that dreams of even bigger and better things 
to come. 
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Fig. 1 View showing the front end of the production line for fabricating mild steel compressor cases 


A PRODUCTION APPLICATION 
OF INERT-GAS-SHIELDED METAL-ARC WELDING 


OF MILD STEEL 


Author discusses the factors of cost and quality, 


as well as the problems of spatter, arc length, 


control of undercul, porosity and proper firturing 


BY JOHN L. LANG 


Why should a welding engineer propose a new process 
for a production line if the one being used is satis- 
factory? 

Regardless of your line of endeavor, it just doesn’t 
sound practical to change from proved techniques. In 
baseball, for example, would the manager take out a 
pitcher who has a no-hitter going into the ninth inning? 
Would the orchestra conductor replace his concert- 
master with an untried musician? 

In his line, the welding engineer compares to the 
baseball manager and the orchestra conductor. He 
usually dictates the tools and techniques to be used and 
is responsible for producing the best job possible 


Changed from Established Process 

In this case, the welding engineer did, in effect, take 
out his no-hit pitcher and work with untried musicians 
to effect a change from an established welding proce- 
dure to another successful method. That was the use 


John L. Lang is Welding Engineer, Lukenweld Division, Lukens Steel Co 
Coatesville, Pa 
Presented at the Thirty-Fifth National Fall Meeting AW® held in Chicago 
Nov. 1-65, 1954. 


of inert-gas-shielded metal-arc welding to fabricate 
mild steel compressor cases when the job was being done 
by the submerged are process in another plant, For 
the particular job, there were reasons to justify the 
change, among them 

1. A limited production line, and working against a 
deadline of nine weeks, in a different shop, with per- 
sonnel unfamiliar with the job 

2. Availability of the necessary equipment—par- 
ticularly jigging and positioning fixtures—that would 
be required for the submerged are process, 

3. Design changes on the job which made it imprac- 
tical to keep submerged are melt from getting into the 
inner sections of the cases 


4. Technical problens involved in submerged arc 


welding, such as welding blind, melt recovery and slag’ - 


removal. 

All of these particular job conditions plus field and 
laboratory studies indicated that the inert-gas-shielded 
metal-arc-welding process would be the right procedure 
for this production line. 

Figures | and 2 show two views of the assembly line 
used for fabricating the compressor cases. 
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Produced 300 Units a Week 


The line was set up to produce 40 units per 8-hr turn 
or 200 units per week, on a one work-turn basis. How- 
ever, after two weeks of operations, 300 units were being 
produced each week, on a one-turn basis. An over-all 
incentive plan based on units completed (to be described 
later) maintained this production rate of 300 units per 
week until completion of the order. 

With only nine weeks in which to procure equipment 
and set up the production line, there was little time for 
experimenting and training personnel. Because of the 
immediate deadline, it was necessary to train the opera- 
tors on the job. 

The inert-gas-shielded process had developed to a 
stage in laboratory tests where satisfactory welds were 
being made on mild steel, with good surface appearance 
and shape. There was almost no spatter, and subse- 
quent finishing was cheaper and easier. Because no 
flux was required, postcleaning costs and related diffi- 
culties were eliminated. 

The average analysis of the mild steel that was welded 
was: carbon 0.12-0.15%, manganese 0.30-0.40%, 
sulfur 0.025-0.045% and phosphorus 0.020% or less. 

The factors leading to selection of jigging and posi- 
tioning equipment were their availability, cost and sim- 
plicity of operation, Since most of the parts were stock 
items, the supplier was able to deliver the two fixtures 
within the allotted time. The availability of welding 
equipment was not a problem. One of the newer 
inert-gas processes was selected because of apparent 
simplicity of control and low operating and maintenance 
costs, ' 

As further evidence that the inert-gas process was a 
valid choice, a paper presented at the AMerIcaN WELD- 
ING Sociery Convention in Cleveland, in October, 1953, 
reported these factors in the use of the inert-gas- 
shielded process :* 

1. Satisfactory welds on mild steel had been made 
with medium manganese high silicon filler wire '/\ in. 
in diameter. 


Fig. 2. View showing another section of the production line 
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Fig. 3 Inert-gas arc-welding process procedure 
at first welding station 

2. One to four percent additions of oxygen to argon 
were desirable. 

3. Clean wire and parts were essential. 

The line was ready for production. 


Cleaning Measures Taken 

Before assembly and welding, component parts were 
cleaned of all oil, dirt, scale and foreign material by a 
gritblast process. Antispatter paint was used where 
manual metal arc welds were made on fittings. Care 
was exercised to keep this material away from the areas 
to be inert-gas welded. (It caused an unstable are and 
resulted in porous welds.) 
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Fig. 4 Welding positioner and jig at first welding station 


Some trial welds quickly dictated the proper position 
of the assemblies and the relation of the welding “gun’’ 
to its direction of turning and with its proper angles 
These angles were set down on sketches, Figs. 3, 5 and 
7, to be used as guides by the operators. 

Figure 3 is the sketch and procedure for the operation 
pictured in Fig. 4 which shows the first welding station 
Since the table on the positioning and turning jig was 
hand tilted, it was set and left in the welding position. 
The assemblies were placed on the table and removed 
manually. 

The hand welding ‘“‘gun’’ was mounted on a carriage 
riding on a beam so that it could be moved out of the 
way when the welded assembly was removed and 
another assembly put in place. The welding “gun” 
itself was so mounted that it could be moved in three 
directions by the operator without changing its princi- 
pal angularity. This permitted the operator to 

1. Maintain a constant height of the nozzle with 
relation to the work. 

2. Adjust the “gun” keeping the are in its proper 
place as the work rotated, making it unnecessary for the 
assembly to always locate and turn perfectly, as would 
he required by the submerged are process 


Mounting the Welding “Gun” 


Figure 4 also shows the mounting of the welding 
“gun.”” The carriage beam angle and height were 
adjustable, but once set were locked in position. Stops 
on the beam permitted relocation with ease. The 
starting button was interlocked with a relay which 
started the table turning in the right direction, the 
speed previously having been selected on a variable 
speed reducer. 

Figures 5 and 7 show the position of the assembly, 
angle of the welding “gun,’’ the direction of rotation 
and the operation technique for the two welds between 
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Fig. 5 Inert-gas arc-welding process procedure, first 


operation at second welding station 


Fig. 6 Welding positioner and jig, first operation 
at second welding station 


the inner assembly and outer head 

teferring to Fig. 5, it is noted that because of the 
tolerance requirements on the component pieces it was 
not practical to have metal-to-metal fits in both lapped 
areas at the same time. Consequently, with the sub- 
merged arc, it would be most difficult to prevent melt 
from entering the enclosed section. Before a design 
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Fig. 7 Inert-gas arc-welding process procedure, 
second operation at second welding station 


Fig. 8 Welding positioner and jig, second operation 
at second welding station 


change put the hole in the outer head, the weld was 
made in a partially machined groove through to the 
inner head. Using this method, the submerged arc 
weld in this area was accomplished without melt get- 
ting into the inner space.* 

* An article beginning on page 64 of the October 1953 issue of Welding 


Engineer describes the welding of compressor cases with the submerged arc 
process. 
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“Gun” Moved in Three Directions 

Figure 6 shows the jigging and positioning fixture for 
the top weld operation. The table was motor tilted 
with a stop to locate the assembly at the angle of tilt 
required. The carriage beam was in the elevated 
position on the column. It was swung to a stop, posi- 
tioning the welding “gun’’ over the workpiece. The 
carriage was moved along the beam to a stop and se- 
cured by means of a hand setscrew. The starting 
button was interlocked with the turntable motor, the 
speed of which was manually set on a variable speed 
drive. The “gun’’ mount permitted adjustment, by 
the operator, in three directions. 

Figure 7 shows the position of the workpiece and the 
welding “gun’’ in making the second weld in this opera- 
tion. Without removing the workpiece, the turntable 
was tilled to a second stop giving the proper angle of 
tilt. The direction of rotation for this weld was re- 
versed to that of the previous weld. A switch actuated 
by the tilting of the table to the second position reversed 
the turntable motor. The proper speed was manually 
set on the variable speed drive. 

Figure 8 shows the fixture for the second weld in this 
operation, An air cylinder lowered the carriage beam, 
which was swung to a stop, positioning the beam over 
the workpiece. A stop on the beam located the car- 
riage properly. Again the same starting button began 
and ended the welding cycle. The tilting switch 
brought the table back to the horizontal position. 

A small electric hoist was provided to handle the 
assembly-—now weighing 90 lb—on and off the turn- 
table. However, the hoist slowed down the operation 
considerably and the operators were soon doing the job 
manually. 


Burn-Backs Prevented 

The welding “gun’’ was operated automatically with- 
out any special changes being made. At the end of a 
welding cycle, the are extinguished itself without burn- 
ing back in the guide tip. Once the welding technique 
was established, not a single burn-back occurred. 

Experiences with the other inert-gas metal-are con- 
sumable electrode guns indicated tips and nozzles were 
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Fig. 9 Accumulated spatter after being 
easily removed from gun nozzle 
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expendable items. The same was true of this equip- 
ment, in the beginning. However, with experience 
gained in its operation, guide tips were discarded only 
when worn to an extent which permitted the wire to 
weave back and forth. 

The nozzles gave poor service until the proper height 
adjustment and cleaning technique were maintained. 
Figure 9 shows accumulations of fine spatter which were 
easily removed from the nozzles, when used under the 
proper conditions. 

A preventive maintenance program was set up to 
regularly replace the expendable parts thus eliminating 
costly shut downs. 

During the early operation of the production line, 
an attempt was made to manifold the argon-oxvgen 
shielding gas. Pipe lines, several hundred feet long, 
proved too difficult to maintain and were a constant 
source of trouble. They were abandoned in favor of a 
single cylinder operation 

A recording ammeter in the welding circuit served 
two purposes in these operations 

1. It gave an indication of the amperes used and the 
are stability. 

2. It provided accurate times for the welding cycle. 

Figures 10 and 11 show the average amperage and time 
for the top weld and the outer weld, respectively 

The top weld required an average of 350-400 amp 
and took | min, 20 sec to complete. 

The outer weld required an average of 350-400 amp 
and took 2 min, 10 see to complete. 

The inner weld on the first operation required an 
average of 400-450 amp and took | min, 50 see to 
complete. 


end Seconds 


Gas, Weld Wire Consumption 

The average gas consumptions per unit for each weld 
station were 1.5 cu ft and 3.05 cu ft, respectively. One 
pound of weld wire was required in making the three 
welds. The labor cost for welding the three joints with 
the inert-gas-shield metal-arc process amounted to one- 
sixth man-hours per unit 

There were problems which are always present in 
setting up a production line of this sort, The use of 
statistical quality control in connection with a sensitive 
process such as the inert-gas-shielded metal-are consum- 
able electrode process is, of course, not absolutely essen- 
tial to the success of such welding. However, the statis- 
tical approach is extremely helpful in the rapid deteetion 
of changes in the process which will result in defective 
welding. In this case, forms of control charts for de- 
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Fig. 11 Record of recording ammeter showing 
current and welding time for outside weld 


fects per unit and sampling procedures were adopted. 
Significance of difference tests also were used in the 
solution of several operational problems, 

A “Record of Defects per Weld’’ sheet was posted at 


atl each test station and was completed by the operator 

Lill Hil LLL ant making the test. Whenever the number of leaks in 

“#0 any unit exceeded the unit action number, the foreman 

Carrenh in was asked to check the preceding operations to deter- 

Fig. 10 Record of recording ammeter showing mine what was causing the excess. Because this excess 
current and welding time for top weld was usually accompanied by an exceeding of the weld 
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Fig. 12 Cross section of welded case 
showing the three main welds 


action number, the foreman got some indication as to 
what welder to check. In this way, such things as 
differences in weld wire, extreme voltage fluctuations, 
changes in welding speed were often detected before 
they caused serious repercussions. From this record a 
large chart was kept by each test station, showing daily 
the number of units passed on the first test, the number 
of units passed on retest, the total units produced and 


Fig. 13 Test station for inner and intermediate heads—Weld | 
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the average defects per unit. This provided a quality 
stimulus to the workers on the line and also provided 
accurate records for rework and scrap costs. 

Sampling procedures were used from the beginning to 
check incoming material. Later in production, final 
inspection was made on a sampling basis. 

Significance of difference tests were used on such 
things as determining the effect to fit of components on 
leaks per weld. 

Control charts kept in the Machine Shop and the 
Punch & Press Department enabled the operators to 
set and correct jigs according to the actual average 
dimensions then running. 


Difficulties Encountered 

Figure 12 shows a cross section of a compressor case. 
The three welds made with the inert-gas arc-welding 
process are Nos. 1, 2 and 3, the order in which they were 
welded. 

On one day’s run Weld No. 3 had a leak rate of 0.82 
against a leak rate of 0.11 for Weld No.2. Because the 
welds were made seconds apart, the difference in leak 
rates was traced to dirt, which had been deposited on 
the edges of the outer heads as they moved on the con- 
veyor rolls prior to final assembly. 

Later on when Nos, 2 and 3 welds both showed high 
leak rates, it was found that the speed of travel of the 
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Table 1—Chemical Analysis of Weld Wire (1/16 In.) 


Man- Phos- 
Carbon ganese_ Silicon phorus Sulfur 
Average for 
this grade 
of wire 0.10 0.90 0.45 0.025 0 025 
Wire used on 
job 0.08 0.89 0.42 ° 0.037 
Wire which 
gave trouble 
on job 0.075 0.46 None ° 0.037 


* Not analyzed. 


turntable had dropped gradually from 20 and 21 ipm 
to 16 and 17 ipm without any apparent change in the 
setting of the variable speed control. 

In another case, the weld appeared to be totally un- 
shielded. It boiled up so that the resulting weld was a 
mass of porosity. After all other efforts had failed, this 
problem was overcome by changing the reel of wire. 
A comparative chemical analysis in Table 1 indicates 
the reason—no silicon.* In the consumption of nearly 
200 coils of wire, only two coils were found to be lacking 
silicon. Such infrequency of occurrence made it diffi- 
cult to spot this type of trouble. 

There was a very narrow operating range of the con- 
trollable factors such as wire feed, gas coverage, weld 
speed, height of nozzle, angle of welding “gun’’ and re- 
lation of are puddle to joint geometry. Such factors as 


Fig. 14 Test station for final air-water test 
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high pressure on the wire feed rolls, nozzle filling with 
spatter producing a gas flow change and irregular burn- 
ing off of the lapped edge had a tendency to increase the 
number of leaks in the welds. 


Testing 

Figure 13 shows the test station in which the inner 
and intermediate heads were tested with 150 lb air 
pressure under water before being assembled with the 
outer head. 

Figure 14 shows the test station where the unit was 
air-water tested before being subjected to a freon 
snifter test. The ease with which most of the units 
passed the air-water test made the snifter test (a spot 
check) no longer necessary. The units were then 
shipped to the customer for further processing. 
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North American F-86D sabre jets powered by General Electric J-47 jet engines 


HIGH-TEMPERATURE ALLOY BRAZING 
OF THIN MATERIALS FOR JET ENGINES 


Successful usage of AWS-ASTM BNiCr brazing alloy requires 
consideration of its relatively wide solidus-liquidus range 
and ils marked alloying tendency with base metal 


BY ARNOLD S&S. ROSE AND WILLIAM N. LEWIS 


Introduction 


The use of brazing alloy powders for the fabrica- 
tion of jet engine components designed for operation 
at elevated temperatures has developed consider- 
ably over the post several years. This report wil! be 
concerned with the use of a particular type of alloy 
classified as AWS-ASTM BNiCr filler material and 
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more specifically as AMS 4775 materia! with chemica! 
composition approximately as follows: 


Chromium 17% Silicon 4% 
Nickel... 70% Iron 41% 
Boron 4% Carbon 1% 


The melting range of this material,* an important fac- 
tor in its usage, is fairly broad with a solidus tempera- 
ture of 1850° F, and a liquidus of 1950° F. A brazing 


* This brasing olor prvter is available commercially under such trade 
aames as Nierobraz (Wall-Colmonoy Corporation, Detroit, Michigan) and 
Rexweld 64 (Crucible Steel Company, Harrison, New Jersey). 
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temperature of 2100° F is generally used in actual 
practice. 

A wide variety of thin sheet stainless and heat- 
resistant alloys, low-alloy and carbon steels with 
thicknesses ranging from 0.010 to 0.050 in. have been 
brazed successfully with the BNiCr alloy for such 
applications as blading, heat exchangers, diaphragms, 
casings, wheels, etc., for aircraft gas turbine engines. 
The results obtained for joints brazed with this alloy 
are exceptionally good as reported by Peaslee and 
Boam! and shown in Fig. 1. As indicated, the short 
time elevated temperature properties remain approxi- 
mately equivalent to those of the parent metals at 
temperatures up to 1600° F. The obvious advantages 
of being able to fabricate components utilizing such an 
alloy are tempered by some of the inherent difficulties 
encountered when thin materials are required to be 
brazed. The problems that arise are a function of two 
of the fundamental properties of the BNiCr material, 
namely : 


(a) The melting range between 1850 and 1950° F. 

(6) The marked alloying tendency between the 
brazing material and the aforementioned alloys used 
for jet engine fabrication. 


Consideration of these factors will lead to an under- 
standing and solution of the major problems involved 
with the use of the BNiCr alloy on thin sheet metals. 


Theoretical Considerations 


An ideal brazing alloy filler material has several at- 
tributes not notably characteristic of the BNiCr alloy 
Among these, aside from being capable of producing 
strong joints, is the ability of the ideal alloy to melt 
completely at a single temperature or within a narrow 
temperature range. When molten, in addition, the 
alloy should wet and flow freely on the surfaces being 
joined and as a corollary of the latter, there should be a 
minimum of alloying between the parent metals and 
the filler alloy so that the brazing alloy will not be 
rendered sluggish by this action before entering the 
joint 

To illustrate this last point, it may be well to contrast 
the differences observed when brazing a copper joint 
with AWS-ASTM BAg-8 as compared to brazing steel 
with the same alloy. BAg-8, the copper silver eutectic, 
contains approximately 72% silver and 28% copper; 
melts at 1435° F, and is widely used for furnace brazing, 
particularly in the electronic tube industry. 

When this alloy is applied to a steel joint and heated 
to above 1435° F, it will become completely fluid and 
since there is only very limited mutual solubility be- 
tween the copper-silver alloy and iron, essentially no 
alloying takes place. As a result, all of the braze alloy 
is available to fill the joint by capillarity. 

By contrast, on copper joints a markedly different 
set of circumstances exist. Reference to the copper- 
silver constitution diagram, Fig. 2, indicates that at 
temperatures above 1435° F, the molten brazing alloy 
has the capacity for dissolving appreciable quantities of 
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the copper base materis!. For example, if the eutectic 
BAg-8 composition is heated to 1500° F in the presence 
of copper, the alloy composition will shift to the right 
on the phase diagram. The extent of shift or change 
in alloy composition will depend upon the amount of 
copper available. If sufficient copper is present, the 
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Fig. | Tensile strength of BNiCr brazed joints compared 
to parent metal 
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Fig. 2. Silver-copper constitution diagram 
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Fig. 3 BAg-8 eutectic brazing alloy on copper base 
metal—short heating time. (Only a small amount of beta 
phase obtained by alloying with the base metal is present.) 
Photomicrograph X 150 
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composition will eventually reach that of the beta 
phase solid solution—92% copper and 8% silver. 
As this shift in alloy composition is occurring, the 
formerly completely liquid eutectic is transformed into 
a sluggish state containing increasing amounts of 
solid phase. The ability to flow freely of this aow 
only partial liquid is limited to the extent that the 
continued alloying is permitted to oceur. In addition 
to impeding the flow of the brazing alloy, considerable 
damage to the parent metals may oceur by this erosive 
attack. 

The solution of the copper base metal by the copper- 
silver eutectic may be observed by microscopic ex- 
amination. In Fig. 3, at a magnification of 150 xX, 
the interface between the two is shown and it will be 
noted that only a slight amount of the copper-rich 
beta phase is present. This results from heating only 
for a short time at a brazing temperature of 1500° F. 
When the temperature and/or the brazing time are 
increased, a microstructure such as is shown at 100 X 
in Fig. 4 is obtained. The greatly increased amount 
of beta phase resulting from attack by the eutectic 
upon the parent metal is readily evident as is the differ- 
ence in flow characteristics of the brazing alloy in each 
instance. 

At this point, it will also be well to utilize the copper- 
silver phase diagram to illustrate the effect of the 
melting range of the brazing alloy upon its flow charac- 
teristics. When used on steel, the eutectic alloy, as 
described previously, will become fluid at its melting 
point, and the total quantity of the filler alloy will be 
available to the joint. This phenomenon is independ- 
ent of the rate of heating of the parts; the alloy will 
melt and flow immediately upon reaching its melting 
point. 

If, instead of the eutectic BAg-8 alloy, a composition 
corresponding to 50° silver, 50% eopper were to be 
used for a brazing alloy, it will be noted that its solidus 
would remain at 1435° F but that its liquidus would 
rise to 1580° F. Again, let us examine the heating of a 
steel joint with such an alloy in place. The first signs 
of melting will occur when the assembly reaches just 
above 1435° F at which temperature approximately 
70% of the total brazing alloy melts. The liquid, 
which is of eutectic proportions, leaves behind a solid 
phase whose composition is that of the beta phase and 
whose melting point is essentially that of pure copper 
1980° F. However, as the temperature of the parts 
inerease, this solid phase is dissolved by the eutectic 
and, as indicated, above 1580° F the brazing alloy wil! 
be a completely liquid solution of copper and silver. 
This, then, is the filler material which performs the 
brazing. 

However, the rate at which the 1435-1580° F, 
liquidus-solidus range of the 50-50 alloy is traversed is 
of utmost importance with respect to the ability of this 
alloy to braze. When the heating takes place, the 
first liquid, the eutectic, appears as previously at 1435° 
F, and at that temperature is in equilibrium with ap- 
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Fig. 4 BAg-8 eutectic brazing alloy on copper base 
metal—iong heating time. (The brazing alloy has dis- 
solved considerable amounts of copper base metal as 
shown by the large quantity of beta phase in the eutectic 
matrix.) Photomicrograph XX 100 


proximately 30% of the solid beta phase. If the steel 
joint is not heated beyond this temperature, only the 
two phases will form and under some conditions these 
two may be physically separated. The liquid, by 
capillarity or gravity, may actually be withdrawn from 
contact with the remaining solid beta. Should this 
liquation occur, the solid phase whose liquidus of 
1950° F is well above the feasible brazing temperatures, 
will remain solid throughout the brazing run. A rough 
unmelted skull remains and only the earlier melting 
liquid of approximately eutectic proportions and 
comprising only 70% of the total alloy is available for 
brazing the steel joint. Under such conditions, poros- 
ity and incomplete joint filling oecur. 

It is apparent that the danger of liquation described 
above is similarly encountered if the rate of heating 
above the solidus is slow. With slew heating rates, 
the possibility again exists for dissipation of the liquid, 
resultant separation of the two phases and incomplete 
brazing. 

When brazing a copper joint with this 50-50 alloy, 
some of these problems are compounded. With fast 
heating, rapid melting of the alloy results, but as dis- 
cussed with the BAg-8 braze, care must be exercised to 
avoid excessive alloying with the base metal. This 
alloying, which is primarily a time-temperature func- 
tion and which can be kept to a minimum by holding a 
short length of time at the brazing temperature, be- 
comes a problem of serious proportions when slow 
heating 1s used with the 50-50 alloy. Under these con- 
ditions, the first liquid to form (again approximately 
70% of the total alloy available) may be removed 
from contact with the beta phase by alloying with 
the parent metal as well as by the aforementioned 
capillary and gravity forces. When this is allowed to 
occur, the hazard of skull formation and poor joint 
filling is vastly increased. 

Summarizing, the best conditions for successful 
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brazing exist when a filler material is used which has a 
sharp or narrow melting range and which does not 
alloy extensively with the parent materials. 

The foregoing discussion with reference to copper- 
silver brazing alloys has been used to describe in ele- 
mentary two constituent terms what actually occurs 
when brazing with the BNiCr alloy. This complex 
multicomponent alloy, whose phase diagram is in- 
capable of being plotted, may be considered as being 
similar in behavior to the 50% Cu — 50% Ag alloy de- 
scribed above and, because of its composition, it ex- 
hibits a marked solvent effect on all steels and nickel- 
base alloys. 

Thus, when brazing these alloys with BNiCr, one is 


Fig. 5 (Bottom) Fast heating rate through melting range 
results in smooth uniformly melted fillet. (Top) Slow 
heating rate through melting range results in rough fillet 
and unmelted skull 


faced with the use of a material with a 100° F melting 
range between 1850 and 1950° F. The requirement 
for rapid heating through this range is most urgent 
and is made somewhat more difficult to achieve by the 
fact that the liquidus is close to the top temperature 
range of many furnaces. In addition, as the melting 
point of some of the parent metals is approached by the 
BNiCr liquidus, the solvent effect of the filler material 
has to be closely controlled. 

The effect of the rate of heating on the brazing action 


Fig. 6 (Left) Cross section (X 3) of joint resulting from fast heating rate. 


of BNiCr is shown graphically in Fig. 5, A joint con- 
sisting of two pieces of AISI Type 321 stainless steel is 
prepared for brazing by application of the BNiCr alloy 
at the joint. Figure 5, bottom, illustrates the smooth 
fillet resulting from rapid brazing. In this instance, 
the furnace was preheated to 2200° F and the sample 
was then inserted into the furnace at this temperature. 
Optical pyrometer observations show that the assembly 
reached 1850° F within 240 see to traverse the melting 
range. At 1850° F, the lowest melting portion of the 
BNiCr became fluid but, before it became dissipated 
too greatly, the higher melting portions of the braze 
went into solution. Thus, the entire quantity of braze 
alloy was made available to fill the joint by capillarity 
and to form a smooth fillet 

Figure 5, top, illustrates the effect of a slow-heating 
rate on the fillet size and formation. A sample identical 
in materials and quantity of braze application was placed 
into a furnace which had been preheated only to 1750° 
F. The temperature was then raised at the rate of 
100° F/hr through the melting range to 2100° F. At 
1850° F, as before, the lower melting constituents melt 
out and since the rate of heating is slow, the rate of 
additional melting is similarly slow. The liquid portion 
of the braze is attracted by capillary action into the 
joint leaving the remaining solids behind almost liter- 
ally high and dry. Their composition is such that 
when not in contact, with the liquid phase, they will not 
melt even at 2100° F. The appearance of the joint 
is now distinguished by a rough surface and since only 
part of the filler material has been made available to the 
joint, only incomplete filling results. The importance 
of the foregoing is to emphasize the essential nature of a 
fast heating rate through the melting range; at an 
approximate minimum rate of 50° F/min (3000° F/hr). 

The photomacrographs comprising Fig. 6 indicate 
the vast difference im results obtained with each of these 
heating rates when brazing with BNiCr. Rapid 
heating yielded not only a smooth fillet but complete 
and uniform joint filling (Fig. 6, left,) in contrast to the 


The brazing alloy has completely filled the joint. 


(Right) Cross section (XX 3) of joint resulting from slow heating rate. The brazing alloy has only partially filled the joint 
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Fig. 7 Low-alloy steel, 0.020 in. thick, BNiCr brazed. (Left) Five-minute heating time. (Only very slight penetration 
of the base metal has resulted.) (Right) Thirty-minute heating time. (The entire cross section of the base metal has been 
subjected to grain boundary penetration and alloying.) Photomicrographs & 150 


poor braze seen in Fig. 6, right, with the slow rate of 
heating through the solidus-liquidus range. 

Another factor of considerable importance is the de- 
sirability of maintaining the molten BNiCr alloy in 
contact with the parent metal for only a minimum 
length of time following melting. Samples prepared 
as above may be used to illustrate this factor. 

The sample shown in Fig. 7, left, was placed into a fur- 
nace preheated to 2200° F and observed pyrometrically. 
When the temperature of the assembly reached 2100° F, 
it was held at temperature for 5 min to insure uniform 
heating and then withdrawn. The sample in Fig. 7, right, 
was similarly prepared and heated, but beld for '/, hr at 
temperature. In each instance, since the rate of heat- 
ing was rapid and identics!, the BNiCr flowed well into 
the joints, However, since the BNiCr and the parent 
metal steel are readily mutually soluble at the brazing 
temperature, the sample held for '/, hr exhibits erosion 
and grain boundary penetration of the parent metal. 
Inasmuch as the alloying action is a time-temperature 
relationship, it is clear that once the brazing alloy has 
become completely molten, it should be maintained in 
contact with the base metals for an absolute minimum 
length of time. This time interval will of course be 
determined in actual practice by whatever is necessary 
to insure thermal homogeneity throughout the part 
being brazed. 

A further consideration in the successful application 
of BNiCr is the limitation of the amount of braze 
material placed at the joint since the solvent effect 
upon the parent material is directly proportional to 
the amount of liquid brazing alloy available at the braz- 
ing temperature. 

Should too great an application of BNiCr powder be 
made to thin sheet joints, it is possible that such a large 
amount of molten braze alloy will form on heating to 
dissolve the parent metal locally and to eat a hole 
through the latter. Calculation of the optimum 
amount of BNiCr to be placed at the joint will be dis- 
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cussed later, but may be clearly seen here to be an es- 
sential factor in achieving good brazed joints. 

In summary, three important observations have been 
discussed with respect to the use of the BNiCr braze 
alloy. These are: 

(a) The rate of heating through the melting range 
must be rapid. 

(b) The length of time the parts are held at the 
brazing temperature must be kept to a minimum. 

(c) The amount of brazing alloy placed at the joint 
must be kept to a minimum. 

An additional prime consideration in the use of the 
BNiCr alloy is the requirement that both the braze 
and parent materials be protected from contact with 
an oxidizing atmosphere during brazing. This is es- 
pecially important with respect to the BNiCr since, 
should the boron and silicon, which contribute to its 
low melting characteristics, become oxidized, it is prac- 
tically impossible to reduce their oxides, whereas the 
oxides of the chromium of both parent and braze ma- 
terials may be reduced. In order to avoid any oxida- 
tion, all brazing with BNiCr is performed in a protective 
atmosphere of deoxidized and dehumidified hydrogen. 


Strength of Brazed Joints 

The data in Fig. 1 giving the tensile strengths of 
various brazed joints should now be re-evaluated with 
respect to thin sheet materials. It is apparent that 
a joint in which the brazing alloy has penetrated en- 
tirely through or eroded the parent metal sections will 
not be as strong as one free of such defects. The tensile 
strength of sheet metal samples brazed under improper 
conditions is obviously a function of the severity of the 
erosive penetration which, it has been seen, may be so 
drastic as to actually sever the sample. In order to 
gage this effect, a series of tests was designed where 0.025 
in. thick sheet tensile specimens were subjected to braz- 
ing conditions with equivalent amounts of BNiCr ma- 
terial for varying lengths of time. The narrow portions 


Tue WELDING JouRNAL 


: 


Fig. 8 Interface of BNiCr—stainless steel joint. One- 
minute heating time. (Only nominal surface alloying and 
intergranulor penetration is noted.) Photomicrograph 
x 200 


of the tensile samples were covered completely across 
their widths with accurately controlled quantities of 
BNiCr, thereby insuring uniformity of braze applica- 
tion to each sample. These were then placed into a 
furnace at 2200° F and held, respectively, for lengths 
of time of 1, 2, 3, 4, 5, 10, 20, 40, 60 and 90 min follow- 
ing observation of melting of the brazing alloy. Follow- 
ing this, metallographic examination was made. to 
establish the effect of braze alloying. 

Figure 8 at 200 X illustrates the interface between 
the BNiCr and parent stainless steel of the sample 
which had been held for 1 min. It will be noted that 
only a superficial layer of the base metal has been at- 
tacked by the molten braze alloy and that the at- 
tack proceeds intergranularly. Extension of the grain 
boundary incursion is apparent in the 5 min sample, a 
photomicrograph of which is shown in Fig. 9. The 
20-min sample shows the start of alloying at the bound- 
aries and a change in structure of the BNiCr from 
needlelike to coarse dendritic as increasing amounts 
of parent metal go into solution (Fig. 10). 

Examination of a section of the 90-min sample re- 
veals that the intergranular penetration has proceeded 
entirely through the metal cross section and has al- 
lowed so great an amount of braze material to diffuse 
through that a laver of BNiCr has formed on the under- 
side of the sheet. In addition, as shown in Fig. 11, 
surface alloying has dissolved a considerable amount 
of the parent metal so that the liquidus of the new alloy 
is now well above the 2100° F brazing temperature re- 
sulting in the formation of a solid surface layer, The 
semiliquid character of the braze is evidenced by the 
appearance of large dendrites. 

The effect of the intergranular penetration and alloy- 
ing upon the physical properties of thin materials is 
plotted in Figure 12. From this it will be noted that 
the elongation decreases rapidly with increased brazing 
time; dropping from a value of 47° (in 2 in.) for the 
sample with no braze to 8% for the 5-min sample. 


Fig. 9 Interface of BNiCr-—stainiess steel joint. Five- 
minute heating time. (Extension of the intergranular pene- 
tration and surface alloying is evident. The structure of 
the brazing alloy |s needle-like.) Photomicrograph X 200 
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Fig. 10 Interface of BNiCr—stainless steel joint. Twenty- 
minute heating time. (Alloying at both interface and in 
the grain boundaries is evident. The BNiCr structure is 
partially dendritic in appearance as an increasing quantity 
of base metal is dissolved.) Photomicrograph X 200 
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Fig. 11 Interface of BNiCr—stainless steel joint. Ninety- 
minute heating time. (Alloying has proceeded to such an 
extent that a solid surface layer results.) Photomicrograph 
x 200 
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Fig. 12 Tensile strength and elongation of thin sheet 
samples held for varying times after melting 
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Fig. 13 Schematic drawing of gas supply for brazing 
furnace 


Since brazing times of less than 5 min must be con- 
sidered infeasible, the ductility of all BNiCr brazed 
thih sheet metal parts is very low ‘in the brazed area 
regardless of the brazing time. A similar drop in 
tensile strength is noted with increased brazing time; 
decreasing from a value of 80,000 psi for the unbrazed 
parent sample to a level of approximately 67,000 psi 
for samples brazed from between 5 and 20 min. Braz- 
ing times beyond 20 min cause a further drop in strength 
in proportion to the length of time at temperature. 
Analysis of these observations leads to the conclusions 
that grain boundary penetration causes drastic loss 
of ductility even with nominal brazing times and that 
only a moderate loss of strength is incurred. However, 
as the brazing time is increased so that alloying is 
allowed to take place, greater losses in strength are 
noted. These data serve to emphasize the importance 
of keeping the alloying effect to a minimum by control 
of time, temperature and the amount of brazing alloy 
placed at the joint. 


Brazing Practice 


In order to protect the work from oxidation during 
brazing, the parts are totally enclosed in retorts into 
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which the hydrogen atmosphere is introduced and main- 
tained throughout the brazing cycle. These retorts, 
the largest of which used for the work described herein, 
are 48 in. in diameter and 50 in. high, are heated in gas- 
fired pit furnaces which have removable lids. The 
gas firing allows temperatures up to 2300° F, to be 
reached in as short a period as 4 hr. In addition, this 
system of heating provides good thermal recovery 
after lifting the lid and charging or removing the work 
from the furnace. The retorts are constructed of 0.125- 
in. thick Inconel sheet which has excellent heat resist- 
ance and will withstand many repeated firings to the 


2100° F brazing temperature. 


Provision is made for gas inlet from an armored 
flexible Tygon plastic-lined hose, thermocouple instal- 
lations, mechanical support, lifting hooks and sealing to 
the base plate by means of a sand seal. 

The hydrogen is provided by a manifolded cylirider 
system supplying electrolytic (dissociated water) hydro- 
gen whose only impurities are oxygen (0.02°7) and 
water (dew point = —30° F). Removal of these is 
effected by passing the hydrogen over a catalyst con- 
sisting of palladinized alumina pellets which combines 
the oxygen and hydrogen to produce water vapor. 
This in turn is removed by adsorption on activated 
alumina surfaces in a drying tower, thereby making 
available hydrogen Jess the oxygen and water vapor 
and with a dew point as low as —75° F. For brazing 
purposes, the hydrogen dew point is maintained below 
— 60° F by periodic reactivation of the drying chambers. 

A schematic of the brazing installation is shown in 
Vig. 13, where it will be noted that a nitrogen supply is 
available for purging purposes. Established brazing 
procedure involves preheating the furnace to the de- 
sired temperature of 2200° F, placing the work into and 
then sealing the retort, purging the retort with approxi- 
mately three times its volume of nitrogen, purging 
approximately three times the retort volume with 
hydrogen, igniting the hydrogen at the sand seal and 
then placing the retort into the furnace. Upon com- 
pletion of the required length of time at temperature 
for brazing, the retort is removed from the furnace and 
when the temperature of the work has fallen to approxi- 
mately 700° F, the nitrogen flow is initiated and main- 
tained until the hydrogen flame at the sand seal is 
extinguished thereby purging the retort of explosive 
gas mixtures. The retort is then opened and the 
brazed work is removed. 

The BNiCr alloy is available most readily in powder 
form in a —325 mesh size. Application of the alloy 
to the work has generally been by preparing a paste 
containing a thermoplastic acrylic resin in an organic 
solvent such as toluol, xylol, ete. Following applica- 
tion to the work, the thinner volatilizes leaving a hard 
plastic-powder mix at the joint. During heating in the 
brazing cycle, the resin burns off at approximately 
600° F, leaving only a BNiCr powder residue for braz- 
ing. A problem of some magnitude arises inasmuch as 
constant volatilization of the thinner from the paste 
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container during application causes variations in the 
paste viscosity and consistency. Further, the hardened 
resin-powder mix is extremely difficult to redissolve, 
causing inconvenience in removal from tools and at 
points of excess application on the work. 

Several methods of interest in this respect have been 
developed to eliminate the difficulty of working with a 
resin-alloy mix. A simple approach is to mix only the 
organic thinner with the metal powder and to apply the 
resulting paste without the acrylic resin. In _ this 
form, it is relatively easier to judge the amount of 
braze being applied. In order to hold the braze 
powder in place during handling and furnace heating, 
the resin is essential. This then is added by spraying a 
coating of the thinned acrylic either from a spray gun 
or most conveniently from a commercially available 
aerosol container.* The sprayed resin is absorbed into 
the application of powder and serves precisely in the 
same manner as if it were added to the mix initially. 

Another more ideal method from several standpoints 
involves the preparation of extruded wires, ribbons or 
strips of plastic-braze powder mixes. These have been 
available in the past but have not been widely used be- 
cause these would not remain in place during the brazing 
heating and tended to fall from vertical and underside 
surfaces. Since the acrylic resin possesses the ap- 
parently unique property of being able to maintain the 
braze alloy in such places during heating, it was de- 
cided to prepare ribbons of acrylic-BNiCr mix- 
tures. These were extruded successfully and were ap- 
plied to the joint by cementing with sprayed acrylic. 
When heated, none of the braze alloy was found to be 
dislodged from unsupported positions and the ribbons 
are now in use. 

The advantages of using the acrylic-metal powder 
ribbons are several. None of the mess associated with 
paste mixtures of resin, thinner and powder is en- 
countered, application is essentially simple and, most 
important, the quantity of braze alloy at the joint may 
be measured and uniformly maintained. As pointed 
out previously, an excessive quantity of BNiCr is 
severely detrimental because of its solvent erosive 
effect and application as a mix is somewhat haphazard 
in this respect. The ribbon allows complete control 
of this critical factor. 
dimensions of the extruded ribbon or wire as well as the 


In addition, by varying the 


proportion of powder to plastic, a stock of material is 
available for varying applications. For example, there 
are currently in use ribbons ranging from 20 to 75% 
powder and from 0.025 x 0.125 to 0.125 x 0.125 in. in 
cross section all extruded with the acrylic resin. 
Several factors with respect to the brazing alloy 
application require consideration. For example, the 
location of braze alloy with respect to the joint is of 
major importance for successful brazing. It is es- 
sential that the filler material be placed adjacent the 
joint in such a manner that it will flow into the joint 


primarily by capillarity. It is also good practice not to 


* Marketed commercially under the trade name of Krylon. 
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allow the insertion of any of the alloy directly into the 
joint because aside from enlarging the gap undesirably, 
there will be insufficient liquid formed from the powder- 
resin mixture to completely fill the joint. In addition, 
the thermal shielding of the braze alloy by the parent 
metal which results from such placement may be suffi- 
cient to retard the heating rate and cause the formation 
of an undesirable skull and accompanying porosity in 
the joint 

For the relatively short widths usually required to be 
brazed when thin sheets are involved, minimum joint 
clearances are desirable. Clearances from 0.000 to 
0.002 in. are easily filled when the joint width ranges up 
to */, in. When this width is greater than 1 in., a 
greater joint clearance is required and between 0.002 
and 0.005 in. may be used. The larger clearance in 
this instance is necessitated by the occurrence of alloy- 
ing between the molten braze and parent metals. 
As this occurs, the fluid braze picking up solid phase, 
becomes increasingly sluggish, and may be dammed in 
by any narrow gap that may exist. Thus, if only a 
narrow clearance is available for large joint widths, the 
joint is in danger of being only incompletely filled. 

The calculation of the amount of braze alloy re- 
quired for any particular joint is extremely important 
on thin sheet materials where an excess application may 
dissolve away the entire sheet thickness. With the use 
of accurately controlled size and alloy-proportioned 
ribbons, the application, once arrived at, may be re- 
peated without difficulty. Typical examples of alloy 
application are: 


Joint width = 0.250 in 
0. 000 to 0.002 in 
Joint length 3 in 


Clearance 


Braze required = 3 x 0.250 x 0.025 in.--33% powder ribbon 


0. 100 in, 

0.000 to 0.002 in 

Joint length = 6 in 

6 x 0.125 x 0.025--33% powder ribbon 


Joint width 
Clearance 


Braze required 


Joint width = lin 

0.002 to 0.004 tn, 

Joint length 60 in 

180 x 0.125 x 0.125 in 


ribbon 


Clearance 


Braze required 50% powder 


Use of Capillarity 

The extent to which capillary flow may be utilized as 
an aid in BNiCr brazing is illustrated by the following 
As shown in Fig. 14, a joint is made of 
stainless steel which extends vertically 8 in. high and 
which rests in a well into which a liberal quantity of 


experiment. 


BNiCr material is placed. This well may be con- 
structed of heavy (0.150 in. thick) steel to withstand 
the erosion by the molten braze alloy or preferably may 
be a porcelain crucible which is inert to the BNiCr. 
The assembly is placed into a 2200° F furnace and after 
holding for a suitable length of time at temperature, it 
is removed and examined, It will be noted that the 
BNiCr has ascended by capillarity to the top of the 
joint where a braze of excellent quality is achieved 
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(Fig. 15). However, the bottom portion of the joint 
which rested in and approximately 2 in. above the mol- 
ten pool has been partially disintegrated by the solvent 
action of the braze alloy, thereby rendering it unfit for 
use, Above this level, where the only force causing 
filling of the joint is capillarity, a joint of high quality 
with erosive alloying ranging from only slight to negli- 
gible is found. 

The appearance of the joint brazed in this manner 
leads to the conclusion that an approach to brazing thin 
sheet materials might well involve placement of the 
brazing material at a location where destructive 
alloying is least harmful and where the critical area of 
the joint is filled by capillarity only. Practical use is 
made of such a principle in the BNiCr brazing of a par- 
tition assembly such as is shown in Fig. 16 in which the 
critical structural area is the joint between a 0.010-in. 
thick partition and 0.015-in. thick flanges. These 
flanges are required to be brazed to 0.050-in. thick wall 
sections. Analysis of these joint configurations shows 
that were the braze alloy to be placed at the 0.010 to 
0.015-in. joint braze, penetration of the vital partition 
would be difficult to control. Placement as indicated, 
at the 0.015 to 0.050-in. joint is preferred, where braze 
alloying of the 0.050-in. thick stoek can be better toler- 
ated and where the alloy from this location may fill the 
partition-flange joint by capillarity. 

An extension of this approach involves placing the 
braze alloy in a location on an assembly which is not 
actually required on the finished part and where areas 
attacked by the BNiCr may be removed by a machining 
operation. This is particularly appropriate where, 
as in Fig. 17, a thin sheet metal part (0.032 in. thick) is 
required to be brazed to a heavy section 0.250 in, thick. 
Placement of sufficient braze quantities at the joint 
fillet to fill the entire joint would be disastrous to the 
thin sheet inasmuch as, on heating, the thin sheet and 
the KNiCr material would reach the brazing tempera- 
ture considerably before the heavy sections and the 
moltenalloy could completely eat through the thin sheet. 
Placement of the BNiCr alloy in an outside channel as 
indicated achieved the desired results. On heating the 
assembly in the furnace, the BNiCr in the channel 
becomes molten concurrently with the heavy sandwich 
and flows into a uniformly heated joint in only sufficient 
quantities to fill the gap and form a slight fillet at the 
thin web. The erosive attack is thereby limited to the 
channel area and since this section is not required 


Fig. 14 Capillarity 
sample. (The verti- 
cal joint will be 
brazed to a height of 
8 in. by molten 
braze alloy drawn 
by capillarity from a 
well) 


Fig. 15 Joint filled by capillarity vertically. (Very little 
surface alloying is noted.) Photomicrograph X 75 


in the final part, damage to the finished part is avoided. 
Most important, there is no attack at the most critical 
web-sandwich joint. The 1'/, in. width of the brazed 
joint in this instance requires a gap clearance of approxi- 
mately 0.003 in. to ensure filling of the joint and to avoid 
the premature stoppage which would result from the 
alloying in a narrow joint. A thin sheet metal cover is 
placed over the channel to prevent premature melting 
of the BNiCr. 

Another similar application is the BNiCr brazing of 
two heavy washers to a thin (0.032 in. thick) sheet of 
AISI Type 410 steel. In this instance, as shown in 
Fig. 18, the braze is again placed in a nonessential area 
which is drilled out of the final product. The joint 
design involves initially undersize holes in tep washer 
and web, and only a shallow indexing hole in the bottom 
washer. The BNiCr alloy is placed into the hole in the 
top washer and, upon melting flows by capillarity and 
gravity into the two required joints. Subsequently, 
the hole is drilled to required dimension and photo- 
micrographic examination again reveals that the critical 
web-washer joint is unattacked in a manner similar to 
that of Fig. 15. 


BNiCr Brazing of Inconel X and A286 


These two alloys, which find considerable use as sheet 
materials in the fabrication of jet engine components, 
present a problem when they are required to be brazed 
because of their composition, The nominal composi- 
tion of each is given on next page: 


CRITICAL JOINT 


BRAZE 
APPLICATION 


Fig. 16 Sketch of braze alloy placement. 
(The BNiCr braze alloy is placed where 
alloying with the base metal will be least 
harmful and the critical joint is filled by 
capillarity only) 


” 
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Inconel X A286 
Titanium, % 2.4 1.9 
Aluminum, % 0.6 04 
Chromium, % 15.0 15.0 
Nickel, % 73.0 25.0 
Cobalt, % 1.0 
Molybdenum, % 1.3 
Iron Bal. Bal. 


It will be noted that each contains titanium and 
aluminum both of which when present in steel have 
been noted to cause lack of wetting and poor brazing 
even though performed in a high purity hydrogen at- 
mosphere at a —70° F dew point under laboratory 
conditions. As a result, it has been found impossible 
to achieve any sort of structurally sound BNiCr joint 
with Inconel X base material. On A286, with slightly 
lower Ti and Al contents, it is possible to obtain sound 
brazing for joint widths only up to approximately 
'/,in. 

For production brazing of either alloy, it is necessary 
to resort to a protective plated layer of nickel or iron 
which prevents formation of the Ti and Al surface oxides 
and allows the brazing alloy to flow freely. Soft 
nickel, plated to a thickness of between 0.0005 and 0.001 
in. is effective in this respect as is iron when plated to 
similar thicknesses. A novel approach which has 
proved successful for parts which, because of their 
contour, are difficult to electroplate uniformly, is to 
utilize the electroless nickel plating technique? to pro- 
vide the necessary protective coating. 

The nickel or iron plating has no effect on the brazed 
joint properties inasmuch as these thin coatings alloy 
with the molten brazing alloy and exist after brazing 
only on surfaces which have not been contacted by the 
braze. 

Complex Assemblies 

It has been shown previously that slow heating rates 
between solidus and liquidus of the BNiCr alloy will so 
severely affect its flow characteristics as to make it 
useless as a brazing alloy. Avoidance of such a manner 
of heating is therefore imperative and as a result, 
conventional BNiCr brazing practice involves placing 
the parts into a 2200° F furnace to achieve a rapid 
heating rate. However, when fairly complex assemblies 
involving considerable variation in member section 


thicknesses are to be brazed, such heating will be 


Fig. 17 Sketch of 
joint preparation for 
0.032-in. thick 
REQUIRED JOINT sheet sandwich joint 
to 0.250-in. thick 
bor. (Placement of 
the BNiCr at a loca- 
aware tion which is not re- 
quired on the finished 
part permits removal 
of seriously eroded 


oreas) 


disastrous from the standpoint of distortion, This 
distortion is caused by uneven heating and expansion 
of the component parts which in normal heat treating 
and brazing is controlled by maintaining heating rates 
slow enough to insure temperature uniformity through- 
out the part 

Solution to the dilemma posed by the opposing re- 
quirements for fast beating for good brazing and for slow 
heating to minimize distortion led to the establishment 
of a two cycle brazing run for complex assemblies. 
The reto,t containing the assembly is placed into a 
furnace at room temperature and heated at a rate of 
100° F'/hr which is sufficiently slow to avoid distortion, 
Upon reaching 1750° F, which is 100° F below the 
solidus of the BNiCr, the entire retort is transferred to 
another furnace which has been preheated to 2200° F, 
With this, the required fast heating through the melting 
range is obtained and distortion is negligible because of 
the relatively small temperature gradient established 
by the rapid heating through the relatively small ele- 
vated temperature range. The two-furnace operation 
is necessary only where large parts are being brazed. 
For smaller assemblies, a two-section furnace, one for 
slow preheating to 1750° F and another set at 2200° F 
may be used. 


Conclusions 

The high temperature, BNiCr braze alloy has been 
found to have many applications in the fabrication of 
jet engine components, particularly in the assembly 
of thin sheet materials. With these, several aspects of 
the BNiCr properties require consideration in order to 
enable its successful usage. ‘The relatively wide solidus- 
liquidus range between 1850 and 1950° F and the eros- 
ive penetration and alloying of the parent materials by 
the brazing material are of prime importance. 

Techniques have been established which minimize 
to a large extent the drastic loss of strength aecompany- 
ing extensive alloying with the base metals, involving 
strategic braze alloy placement and full utilization of 
capillarity for joint filling. In addition, the hazard of 
slow heating through the melting range has been 
demonstrated and the requirement for fast heating 
through this solidus-liquidus range has been emphasized. 
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SN Fig. 18 Sketch of joint 
preparation for BNiCr 
brazed joint of a 0,032- 
REQUIRE iNT in, thick sheet between 
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woe alloy is placed into the 

hole which is drilled 

undersize with respect 

SPATE ALLOY tits final required 
dimensions) 
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Depositing corrosion-resisting overlays on packing and gasket contact faces of line blind valves for oil tankers 


HIGH NICKEL OVERLAYS 


ON FERROUS METALS 


Typical properties of overlay welds on steel 


made with high nickel alloys. Also, the problems associated 


with obtaining good overlays on cast tron 
BY G. R. PEASE, H. 8. BOTT AND H. C. WAUGH 


Abstract. The properties of high nickel alloy overlay welds may 
be adversely influenced, if diluted with large amounts of ferrous 
metal, unless the ill effects are anticipated and proper precau- 
tions are taken to combat them. Optimum welding conditions 
are defined and illustrative properties shown for Monel, “K”’ 
Monel, nickel and Inconel overlays on mild steel, deposited with 
flux-coated electrodes and by inert gas methods. The problems 
associated with obtaining satisfactory overlays on cast iron are 
also briefly discussed 
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Introduction 

It is sometimes economically more advantageeus to 
fabricate part or all of a welded structure from steel or 
cast iron and to overlay the exposed surfaces with a 
layer of corrosion-resistant weld metal than it is to fabri- 
cate the whole structure from the same corrosion- 
resistant metal. Overlays are also usefully applied to 
the surfaces of existing structures as a salvage or repair 
operation. In overlay welding, however, certain prob- 
lems may arise which are not experienced in joining 
the corrosion-resistant alloy to itself. It is the intent 
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of this paper to make available the results of a test 
program which was initiated in an attempt to define 
the nature of these difficulties as they pertain to the 
high nickel alloys and to suggest some methods for 
handling them as they arise. 


Scope 

The metals which were involved in the test program 
included Monel, “K’’ Monel, Inconel and 80/20 
nickel-chromium weld metal, deposited for the most 
part as a one- or two-layer overlay on a mild steel base. 
A few exploratory tests were also conducted using or- 
dinary gray iron as a base metal. The metal was de- 
posited by three methods: (1) coated electrode 
welding, (2) inert gas consumable electrode welding 
and (3) the inert gas tungsten arc process. 

In the case of coated electrode welding it was recog- 
nized sometime ago' that dilution of a high nickel 
alloy weld by ferrous plate metal was likely to result in 
hot cracking, lowered room temperature ductility or 
other difficulties if the 130 series electrodes were used. 
These electrodes, which were designed for optimum 
performance in welding the high nickel alloys to them- 
selves, deposit weld metal compositions which, under 
certain conditions, may be sensitive to dilution by 
iron base alloys. The 140 series, which was designed to 
overcome this sensitivity, has been under almost con- 
tinuous development since the advent of the 140 
Monel electrode several years ago and now includes 
electrodes of all of the three basic compositions— 
Monel, nickel and Inconel. A comparison will be made 
of the properties of overlay deposits made with the two 
series of electrodes. 

A survey has also been made of the overlay welding 
response of the ‘‘60’’ series of bare wires which were de- 
signed for the inert gas welding of the high nickel alloys 
to themselves. Like the No. 130 series of coated elec- 
trodes, the ‘‘60’’ series of bare wires has been found to 
have certain limitations under conditions of high dilu- 
tion by base metal, indicating that further develop- 
ment work may be necesary to remove these limitations, 
In the meantime, however, the areas of usefulness 
have been defined as a result of the present findings. 

Although the test procedures of this investigation 
were not slanted toward the practices involved in the 
welding of alloy-clad steel plate, it should be borne in 
mind that there is considerable similarity between clad 
steel weld compositions and those obtained in overlay 
welding. What applies in one case therefore, with 
respect to electrode or filler metal requirements, 
applies equally well in the other case. 


Test Procedure 

The test weldment consisted of a steel (or cast-iron) 
plate 5-6 in. wide, 10-12 in. long and either | or 
4/, in. thick, covered on one surface with either one, 
two or, in some cases, three layers of weld metal. 
Restraint of a magnitude sufficient to hold the plates 
substantially flat was applied by clamping or fillet 
welding the test plates to a much heavier backing 
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plate. The appearance of a completed weldment is 
shown in Fig. 1. The overlay of Fig. 1 was deposited 
with a coated electrode and, like all others completed 
by this process, was made with the weld beads running 
across the narrow dimension. A single 14-in. length of 
5/-in. diam electrode was consumed for each bead, 
using a welding current at the middle or lower end of 
the recommended range. For sake of convenience the 
inert gas overlays were deposited across the longer 
dimension. For both processes the bead width was in 
the range */, to '/; in. and the bead thickness varied 
from about '/s to about */. in. Each bead overlapped 
the previously deposited bead by one-third of the bead 
width, which experience has shown is sufficient to 
provide a nearly flat surface, substantially free of valleys 
and ridges. The maximum interpass temperature was 
held to approximately 250° FP. 

The equipment and fixtures used to make the inert- 
gas consumable-electrode deposit, together with a 
partially completed test specimen, are shown in Fig, 4, 
The gas coverage was 100 cfh of argon for the consuma- 
ble electrode process and 30 cfh for the tungsten elec- 
trode process. The consumable electrode welding gun 
was a Model 20 Aircomatic unit mounted on a motor 
driven travel carriage. For tungsten are welding, a 350- 
amp capacity Heliare torch was used and operated man- 
ually. Welds made with coated electrodes were also 
deposited manually. 

Upon completion, each weldment was sectioned into 
four test specimens approximately 1'/, in, wide by 5 in, 
long by */s in. thick, with the weld beads running paral- 
lel to the 5 in. dimension (Fig. 2). The */s in. dimen- 
sion was obtained by machining the weld metal surface 
only enough to eliminate the weld ripples and provide 
a smooth surface, removing as much of the base metal 
from the reverse side as was necessary to reduce the 
total thickness of overlay and plate to */,in, The chips: 
machined from the weld surface were set aside and then 
used for chemical analyses. Each */s-in. thick speci- 
men was polished and etched to reveal possible surface 
defects, after which, surface hardness measurements 
were taken. Each specimen, except the cast-iron 
specimens, was then bent to evaluate the ductility of 
the deposited metal. In the bend test the gage length 
was '/, in. and the specimens were bent with the over- 
lay face in tension; first, in a guided bend jig and then, 


Fig. 1 Appearance of overlay weld made with 
140 series electrodes 
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Fig. 2 Bend specimen as polished and etched 
ready for bending 


Fig. 4 Equipment and fixtures used to make the inert-gas 
consumable electrode deposits 


where necessary to induce failure, as free-bend speci- 
mens (Fig. 3). Two of the four bend specimens from 
each overlay were tested in the as-welded condition, 
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and two were tested after a stress relief annealing treat- 
ment consisting of 1'/, hr at 1150° F. In the case of 
the “K’’ Monel overlay specimens the stress relief 
anneal was replaced by a three-stage age-hardening 
treatment consisting of 16 hr at 1100° F, followed by 4 
hr at 1000° F and four more hours at 900° F. Each 
welded plate was subjected to X-ray examination 
either before or after it was cut into the four test speci- 
mens, 
Materials 

Two lots of steel plate were involved; one which 
was used for the coated electrode deposits and a second, 
replacement lot which was used for the inert gas over- 
lays. The compositions are shown in Table | along 
with the compositions of the two heats of gray iron 
which were used. One gray iron heat, No. T20893, 
was cast to represent a composition with average or 
possibly slightly above average sulfur and phosphorus 
levels. The other heat was relatively free of these ele- 
ments. The 1.3% of nickel in heat No. T20887 was 
inadvertently picked up from some nickel-bearing scrap 
and probably without influence on the test results. 


The filler metal compositions are shown in Table 2. 


Monel Overlays on Steel 
Coated Electrodes 

As mentioned earlier, iron-diluted welds made with 
the No. 130 type of Monel electrode are likely to crack 
unless unduly restrictive precautions are observed. 
In overlay welding the practice has been resorted to, in 
the past, of interposing a barrier layer of nickel to 
minimize iron pick-up, but this was cumbersome and is 
now unnecessary with the advent of the low carbon or 
No. 140 type of Monel electrode. Even a casual 
comparison will show that the coating compositions 
and operating characteristics of the two Monel elec- 
trodes are not at all alike, but the important difference 
as far as overlay welding is concerned is the difference in 
the carbon contents of the deposited metals. The 
presence of 1 to 2% of columbium in the No. 140 weld 
metal provides an added measure of insurance against 
cracking difficulties but crack-free, high-iron deposits 
have been obtained under favorable conditions with no 
columbium present. The need for the low-carbon 
type of deposit becomes increasingly less mandatory 
as the iron content of the deposit decreases down to a 
level of perhaps 3 to 5% at which point the choice 
between the Nos. 130 and 140 types can be dictated by 
welder preference. Metallurgically, neither composi- 
tion is superior to the other at lower iron levels, as, for 
instance, in the welding of solid Monel. A comparison 
of the properties of test overlays deposited on 5 x 10 x |- 
in. steel plates is shown in Table 3. In this particular 
series of tests the superiority of the low-carbon type of 
deposit was demonstrable only in the single-layer 
deposit and in the bottom layer of the two-layer 
deposit. The top layer of the two-layer No. 130 
deposit was sufficiently low in iron content to maintain 
high ductility in spite of its relatively high carbon con- 
tent. 
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Fig. 5 Radiographic quality of overlay welds made with 140, 134, 141 and 142 electrodes 


The higher hardness of the No. 140 deposits, com- 
pared with the No. 130 deposits, is traceable to the 
presence of slightly greater amounts of solid solution 
hardeners which, at the levels involved, are not damag- 
ing to ductility. The further increase in hardness of the 
No. 140 deposits with heat treatment apparently 
stems from some spontaneous precipitation of these 
solid solution constituents, whatever they are. This 
precipitation hardening behavior results in a drop in 
ductility to levels of the order of 35° , elongation, but 
there is no evidence of hot cracking, and room tempera- 
ture ductility of this magnitude should be adequate for 
most or all overlay applications 

The radiographic quality of a No. 140 overlay de- 
posit is shown in Fig. 5 


Inert Gas 


At the present time there is no inert gas filler metal 
designed specifically to tolerate dilution by ferrous base 
metal. There is available, however, a bare wire identi- 
fied as No. 60 (Table 2), which is the Monel member of 
the so-called “60” series of inert-gas, high nickel alloy 


filler wires. The “60” series, like the No. 130 series of 
coated electrodes, were designed primarily for the join- 
ing of the several high nickel alloys to themselves 
and have enjoyed a satisfactory history for the 
welding of these matched compositions, However, 
welds made with the Monel member (and also 
other members) of this series appear to be sensi- 
tive to dilution by steel base plate, particularly 
when subjected to a postheat treatment, In the 
present series of tests (Table 4) good ductility was 
maintained in as-welded overlays up to 11% dilution 
by iron in one case and up to 19% in another case, 
but, after heat treatment, all overlays with more than 
about 3% iron showed substantial increases in hard: ess 
accompanied by severe reductions in ductility. Pre- 
cipitation hardening is apparently again experienced 
but this time to a damaging degree. At high iron levels 
weld hot cracking can be expected to occur, with a 
level of about 20°), apparently representing the thresh- 
old in this series of tests. Hot cracking can be ex- 
pected at even lower iron levels than 20°, possibly at 
levels as low as 10-15°%, if the steel is unusually high in 


Table 1—Composition of Steel and Cast-lron Plates 


’ oy 
Composition “ 


Material Size, in Heat No Cc Vn Si Vi Pp Ss 

Steel 5x 10x 0 42 001 0 O14 0 050 
Steel 6x 12x */, oO 0 42 Nil 0 006 0 020 
Cast iron 5x 10x 1 T20803 40 0 61 2 36 0.19 0 16 0 17 
Cast iron 5x 10x 1 T20887 0.41 2.35 0 O24 0 025 
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sulfur or phosphorus, or both. 

To provide inert gas welds as insensitive to iron 
pick-up as welds made with the No. 140 coated elec- 
trodes will require modification of the bare wire com- 
position. In the meantime, however, it is important 
to note that usefully sound and ductile overlays can 
be obtained on steel if certain precautions are observed. 

If a stress relief annealing treatment is not required 
single or double layer overlays with good ductility 
throughout and with exceptionally few X-ray defects 
can be obtained by adjusting the welding current to a 
level which is sufficiently high to work out oxide in- 
clusions and yet not high enough to incur dangerously 
high dilution by iron. The addition of “cold’’ filler 
metal to the are stream seemed to be helpful in achiev- 
ing good results and, for some reason which is not 
clearly apparent, better weld properties were obtained 
with 0.045-in. wire than with 0.062-in 
weld metal iron content 


wire at a given 
For overlays that must be stress-relief annealed, 
and perhaps for others where control of iron content is 
difficult, the best method of obtaining ductile, inert-gas 
Monel overlays, free of brittle underlayers and of good 
X-ray quality, is to resort to the old barrier layer tech- 
nique, first depositing No. 61 nickel weld metal on the 
steel and then depositing No. 60 Monel on top of the 
nickel. The one test weld made in this manner had an 
iron content of 2.4% in the Monel layer, a minimum 
elongation of 36° and the overlay was adequate in all 
other respects. 

Usefully low iron contents could not be obtained with 
the inert-gas tungsten-are process, which appeared, 
throughout these tests, to be poorly suited for overlay 


In spite of efforts to merely “sweat”’ 


applications. 


the overlay metal on the steel surface, iron contents 


reached approximately 20°; and the ductility value 
were correspondingly low. 
“K"’ Monel Overlays on Steel 
Coated Electrodes 

It is sometimes important to take advantage, in an 
overlay, of the high hardness levels which the “K” 
Monel aging. No. 140 
series electrode, comparable to the No. 134 “K” 
Monel electrode, is at present available to make such 
an overlay directly on stee! but the incompatibility of 
the high carbon No. 134 “K’’ Monel deposit can be 
rectified by again resorting to the barrier layer tech- 
140 Monel electrode is well suited 
for this purpose. As shown in Table 5, the full three- 
stage aging treatment is capable of developing hardness 
levels as high as 22-25 points Rockwell “C”’ in a sound, 
ductile overlay having most of the useful features of 
wrought “K’’ Monel, provided the precaution is ob- 
served of first depositing the compatible layer of No. 140 


compe ition elops on 


nique and the No 


weld metal. 
Inert Gas 

For the consumable-electrode inert-gas process, & 
barrier layer deposited with the No. 61 nickel wire 
makes it possible to deposit an overlay with the No, 64 
“K’’ Monel wire having the attractive properties shown 
in Table 6. Again with the tungsten are 
process, the dilution factor is so high and the weld prop- 
erties correspondingly so poor that the desirability of 
making an overlay by this method is questionable. If, 
for some reason, the tungsten electrode method must be 
used, the barrier layer technique can probably again 
be applied, using No. 61 nickel wire to cut down the 


however 


Table 5—Properties of "K'’ Monel Overlays on Steel Made with the "134" Electrode 


Hardness 


Fe 
Vo. of Barrier content Rockwell 
Electrode layers layer B 
134 “K’’ Monel l None 32 77-80 
134 “K"’ Monel 2 None 10 77-82 
134 “K’’ Monel 2 1 layer s 78-82 
140 Monel 

134 ‘K"’ Monel layer 76-79 


140 Monel 


Elongation in '/> in 
iged,* % 
Rockwell 1s- 
hy welded d Kemarks 

23--26 16-20 1-24 No porosity, some 
hot cracks 

24-27 50-60 2-18 No porosity, some 
hot cracks 

22-24 22--46 No porosity, no 
cracks 

23-25 52-54 0) No porosity, no 
cracks 


* 16 hr at 1100° F, plus 4 hr at 1000° F, plus 4 hr « 


Table 6—Properties of Overlays on Steel Made with the No. 64 "K" Monel Bare Wire 


Hardness 
No Wire Welding Fe As-welded, Aged, Elongation in in 

a elding of diameter current, content, Rockwell Rockwell // 

method layers in amp B C 1s-welded ged Remarks 
(‘onsumable 

electrode _ 0 045 195 1.2 76-77 26 54-21 38-39 Slight porosity, 

no cracks 

Tungsten 

electrode l 4/16 240 19.7 76-78 25-26 18-56 24 Probably hot 


cracked 


* Barrier layer of No. 61 nickel weld metal 
+ No failure at indicated elongations. 
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amount of iron pick-up in the “K’ Monel layer or The recently introduced No. 141 nicke: electrode, 
layers, but the process appears to have no competitive however, has repeatedly won operator approval and, 
merits of its own for this type of welding. as shown in Table 7, is also capable of insuring good weld 
ductility in spite of reasonably heavy dilutions by stee! 
Nickel Overlays on Steel plate. 
Coated Electrodes The No. 141 electrode appears to be a deep penetrat- 
The No. 131 nickel electrode has been used for a ing red and for this reason it will usually be necessary 
number of years as an overlay electrode, as well as for to make three-layer overlay deposits to meet iron 
its originally intended purpose of welding wrought requirements of 10% or less in the top layer, when and 
and cast nickel, but in overlay operations there have if that requirement is dictated by the intended service. 
been objections to its are behavior, bead contour and In clad steel welding, two layers are usually enough if 
slag tenacity. Also, the ductility of the deposited care is used in joint design and in fabrication not to 
metal has sometimes failed to meet code requirements. expose unnecessarily large areas of the steel plate when 
Table 7—Properties of Nickel Overlays on Steel Made with Nos. 131 and 141 Nickel Electrodes ‘ . 
Hardness, Elongation in 
Rockwell B in., 
Composition, % As- An- As- An- Radiographu 
Mn Si welded nealed welded nealed quality 
Single layer No. 141 007 033 045 343.7 16 0.13 80-82 86-00 48-4 34-46 Good 
Single layer No. 151 030 030 055 200 27 0.40 00-92 Wy OS 17-23 16 Slight porosity and 
slag inclusions 
Double layer No. 141 005 0.20 0.55 11.9 2.4 0.23 77-83 78-86 40-44 58-72 Good 
Double layer No. 151 030 0.30 0.60 48 3.1 0.50 85-80 S4-8S 23-30 23-31 =~ porosity and 
slag inclusions 


Table 8—Properties of Overlays on Steel Made with No. 61 Nickel Wire and Inert Gas 


Hardness, Elongation in 
No. Wire Welding Fe Rockwell B 1/, in., % 
of diam., current, content, As- An- As- An- 
Welding method layers in. amp % welded nealed welded nealed Remarks 

Consumable electrode l 0.045 195 11.4 79-80 90-91 54-4i2* 43-48* X-ray quality good 
2 0.045 105 2.0 77 77-81 51-56* 40-58" X-ray quality good 
! 0.045 220 11.3 85-87 93-04 52* 41-48 X-ray quality good 
! 0.045 240 13.1 8Y 03-04 51-52° 40-50 X-ray quality good 
l 0.045 275 25.1 8&1 97-100 44-45 12-19 X-ray quality good 
0.045 $20 20.9 Severely hot cracked 
l 0 062 280 7.7 SO--82 87-92 47-50 40-41 X-ray quality good 
Tungsten are 1 V/s 250 22.2 84-86 88-4 48-49 42-47 X-ray quality good 


* No failure at indicated elongation. 


Table 9—Properties of Inconel Overlays on Steel Made with Nos. 132 and 142 Coated Electrodes 


Hardness, Elongation in 
Rockwell B '/,in., % 
- Composition, %4-e As- An- As- An- Radiographic 

c Mn Bi Fe Cr ©O welded nealed welded nealed quality 
Single layer No. 142 0.12 0.48 0.43 13.5 16.7 3.2 86-87 86-00 44-52 52-04 Good* 
Single layer No. 132 0.10 0.20 0.40 18.6 12. 3.0 90 48-50 49-40 (ood* 
Double layer No. 142 0.12 0.45 0.46 52 18.5 3.6 87-01 8Y-O1 48 46-52 Crood* 
Double layer No. 132 0.10 0.25 0.45 11.5 13. 3.5 91-03 90-92 41-42 45 Good* 


* Both rods require supplementary baking treatments for 2 hr at 500° F to obtain optimum freedom from gas porosity. 


Table 10—Properties of Overlays on Steel Made with No. 62 Inconel Wire and Inert Gas 


No. Wire Welding Fe Hardness, Rockwell B Elongation in '/: in., % 
Weiting of diam., current, content, As- An- As- An- 
methor layers in, amp % welded nealed welded nealed Remarks 
Consumable 
electrode ! 0 045 185 12.7 80-85 81 56-57* 52-56* X-ray quality good 
2 0 045 185 7.9 82 81-82 60 60-61 Inclusions at bead 
junctions 
0.045 255 21.0 82-83 8&3 52-53° 48-53* X-ray quality good 
1 0 062 240 14.0 76-81 80-81 47-54* 45-49* X-ray quality good 
Tungsten 
electrode ! "/v 230 24.7 81-82 80-81 22 22 Hot cracks 
* No failure at indicated elongation. 
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finishing the nickel side of the joint. 

As in the case of the No. 140 Monel deposits, the 
high ductility of the No. 141 deposit would not be 
possible without a reduction in carbon content to 
levels of the order of 0.10% or less. The combination 
of high carbon, high titanium, and high iron contents, 
found in No. 131 overlay deposits, results in a structure 
rich in complex carbides which, in turn, account for 
the loss of room temperature ductility. Elimination 
of most of the carbon holds carbide formation to a 
minimum and makes it possible to develop a ductile 
weld structure. 

Incidentally, the presence of titanium in nickel 
weld compositions serves, among other things, to 
prevent the rejection of carbon as a property-destroying 
grain boundary precipitate, and makes it possible to 
use high-carbon nickel weld metals in high temperature 
applications where low-carbon nickel is ordinarily called 
for. 

The radiographic quality of a No. 141 nickel overlay 
on steel is shown in Fig. 5. 

Inert Gas 

The No. 61 wire, the nickel member of the “60” 
series of hare wires for the inert gas welding of the high 
nickel alloys appears to be a little better suited for over- 
lay work than is the corresponding Monel member of 
the “60” series, but it is still not as insensitive to dilu- 
tion by steel as the No. 141 coated nickel electrode 
Trouble with hot cracking can be expected if the iron 
content reaches and exceeds certain critical levels 
There have also been instances of subsurface defects 
which appear to stem from the formation of refractory 
oxide films and inclusions. The illustrative physical 
properties, shown in Table 8, suggest that good ductility 
and freedom from hot cracking can be maintained if 
the iron content is limited to levels of the order of 25% 
Again, however, this level may have to be adjusted 
downward if the steel upon which the metal is deposited 
is high in the subversives, sulfur and phosphorus 


Inconel Overlays on Steel 
Coated Electrodes 


In the case of Monel and nickel overlays, the im- 
portant advantage of the No. 140 series electrodes over 
the corresponding No. 130 series electrodes stems from 
the ability of welds made with the No. 140 series elec- 
trodes to withstand substantial dilution by base metal 
without incurring losses in resistance to hot cracking 
and/or lowered room temperature ductility. In the 
case of Inconel overlays, however, the advantage of 
the No. 142 electrode over the No. 132 electrode lies 
only in the higher chromium content of No. 142 de- 
posits. The two electrodes are identical in composition 
except that the No. 142 electrode has an 80/20 Ni-Cr 
core wire which, when diluted with small amounts of 
iron, deposits a weld composition approaching that of 
Inconel. Overlays made with the No. 132 electrodes 
are every bit as ductile as overlays made with the 
No. 142 electrodes at any given iron content, but No 
132 overlays suffer from a reduction in chromium con- 
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tent if the dilution factor is high. For instance, a 
No. 132 weld deposit which normally has about 14% 
chromium, finishes up with only about 10% chromium 
if 30° of chromium-free base metal has been diluted 
into the weld. The chromium content of No. 132 
overlays can be restored to normal levels (13-14%) by 
increasing the total number of layers to 2 or 3, but a 
single layer of No, 142 weld metal will have a chromium 
content equivalent to or higher than that of Inconel 
weld metal if the dilution factor does not exceed about 
25-30°>. The compositions and properties of overlays 
made with the Nos. 132 and 142 electrodes are shown 
in Table 9. With both electrodes, weld metal hardness 
levels and elongation values are nearly independent of 
the iron content and unaffected by annealing at 1150° F, 
The X-ray quality of a typical No. 142 deposit is shown 
in Fig. 5. 
Inert Gas 

Overlays made with the No. 62 Inconel bare wire 
were nearly equivalent to overlays made with No. 61 
nickel wires, with respect to tolerable iron levels. Up 
to about 20% iron content, the highest attained in 
the consumable electrode tests, there was no significant 
loss in either resistance to weld hot cracking or room 
temperature ductility. The overlays made with tung- 
sten arc, however, with a little over 20% iron, contained 
a number of hot cracks. The radiographic quality was 
good in all cases but one, where stringers of inclusions 
showed up at the junction of adjacent beads. Illu- 
strative physical properties are shown in Table 10. 


Overlays on Cast Iron 

The results obtained in a few exploratory overlay 
welds made on cast iron were so poor and the obstacles 
to be overcome so formidable that the usefulness of any 
of the high nickel alloy filler metals for overlaying cast 
iron appears to be extremely limited. The amount of 
sulfur and phosphorus diluted into the weld from an 
iron of not unusually high sulfur and phosphorus 
levels (T20893) was sufficient to cause severe cracking 
in one- and two-layer overlay deposits and slight to 


Fig. 6 Overlay weld on gray cast iron, made with 14] 
electrode, showing fracture in the iron 
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Fig. 7 Bead contours for overlay welding 


moderate cracking even in the top Jayer of a three- 
layer deposit. On an iron (T20887) of seldom ob- 
tained purity, an overlay was obtained with the No. 141 
electrode which was substantially free of cracks, but 
other difficulties appeared. Among the more imposing 
of these difficulties was the generation of severe under- 
bead cracking, the magnitude of which can be seen in 
Fig. 6. By skillful adjustment of bead sequence and 
welding techniques, and possibly with generous peening, 
the severity of underbead cracking could probably have 
been lessened but the problem is a considerable one, 
even with relatively ‘good’ irons. A barrier layer 
of weld metal deposited with a nickel-iron cored elec- 
trode of the “Ni-Rod 55” type was beneficial, particu- 
larly with respect to underbead cracking, but weld 
eracking was still not eliminated from the high nickel 
alloy layers. Besides weld hot tearing and underbead 
cracking, other difficulties included: (1) a slag, in the 
case of the No. 140 electrode, which was prohibitively 
tenacious and (2) in the case of the No. 141 electrode, 
the creation of considerable weld porosity. 


Discussion 

In overlay welding, as in dissimilar metals welding, 
difficulties arise because of the introduction, into the 
pool of molten metal, of a second metal which is alien 
to and for some reason metallurgically incompatible 
with the nominal filler metal composition. It follows, 
therefore, that anything that can be done to reduce 
the amount of penetration, or dilution of the weld 
metal by the dissimilar base metal, adds to the prob- 
ability of securing a satisfactory weld deposit. In 
addition to the practice of interposing a barrier layer of 
compatible metal, it is possible in many cases to reduce 
the amount of base metal pick-up by observing three 
relatively simple but important precautions: (1) 
operation of the electrode at the minimum current 
consistent with proper burn-off, (2) development of 
optimum bead contour and thickness and (3) dissipa- 
tion of as much as possible of the digging energy of 
the are stream in the molten pool and as little as pos- 
sible in the base metal. 

Bead contours which are considered good and others 
which are considered poor, from the standpoint of over- 
lay welding, are shown in Fig. 7. For the most part, 
except when the current was deliberately increased to 
demonstrate the il) effects of high base metal dilution 
levels, the test welds were made using these preferred 
techniques, and the advantages are clearly reflected in 
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the surprisingly low iron contents of many of the 
single- and double-layer deposits. 

As mentioned previously, in welding against ferrous 
base metals, and particularly when welding against 
metals as abundant in impurities as are the commercial 
grades of ordinary gray cast iron, not only is the ele- 
ment iron introduced to the fusion but also appreciable 
quantities of whatever else may be associated with the 
iron. Some of the test results suggest that these 
secondarily introduced elements may be as important, 
or possibly more important, to the quality of the finished 
overlay than is iron by itself. In this connection, it is 
important to insert the caution that, for optimum re- 
sults, all surfaces, and particularly any surface which 
has been contaminated through usage, would be thor- 
oughly cleaned prior to welding to rid the surface of 
dirt, grease, crayon and chemical residues, all of which 
are likely sources of sulfur and other subversives. 
Any heavy oxide films should also be removed. 

Throughout this investigation, the experimental! 
conditions were set up to impose a high level of re- 
straint on the test specimen. This, in turn, resulted in 
highly stressed weld metal and a severe test of its suit- 
ability. Any overlay was considered as being less than 
satisfactory if, under these conditions, the deposited 
metal failed to meet certain current code requirements 
which call for elongations up to 25%. The criterion 
of acceptability, therefore, was an exacting one and 
it follows that the areas of usefulness for any given 
electrode or filler wire can be considerably expanded if 
the requirements are less demanding. The threshold 
iron levels, for instance, which should not be exceeded, 
may be higher than the indicated levels if a high order 
of ductility is not required or if the surface to be covered 
is small and restraint is at a minimum. 


Conclusions 

1. Sound, ductile overlays can be obtained on mild 
steel using either the “140” series coated electrodes or 
the inert-gas consumable-electrode process together 
with the “60"’ series filler wires. In the latter case, 
care must be exercised, by judicious control of welding 
current and in other ways, to keep base metal pick-up 
at a minimum. 

2. High-nickel alloy overlays made by the inert-gas 
tungsten-are process have high iron contents and 
correspondingly poor properties. Other processes ap- 


_pear to be better suited. 


3. The usefulness of any of the high-nickel alloy 


‘filler metals for overlaying cast iron appears to be ex- 


tremely limited. 
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The official opening of the General Electric Co.'s 
welding equipment plant was held on Thursday, 
October 21st, in York, Pa., with appropriate ceremonies, 
marking the completion of a major expansion program 
for the Welding Department. Among the many GH 
executives present were Harold EK. Strang, Vice- 
President and General Manager of GE Measurements 
and Industrial Products Division; R. C. Freeman, 
General Manager of the Welding Department; A. U. 
Welch, Manager of Engineering; and C. I. MacGuffie, 
Manager of Marketing. 

According to a statement released by Mr. Freeman, 
the new facilities at York make possible the complete 
integration of Welding Department equipment manu- 
facturing operations, including standardization of 
products and mechanization of many manufacturing 
procedures. 

The welding organization began its move from 
Fitchburg, Mass., in January 1954, occupying the 
York plant which was formerly operated by the G-E 
Wire and Cable Department. The latter organization 
has since relocated in Lowell, Mass., and Bridgeport, 
Conn. The new Pennsylvania site was chosen because 
of its nearness to both markets and important suppliers, 


Fig. 1 R. C. Freeman (right), General Manager of the 
General Electric Co.'s Welding Department, inspects a 
three-dimensional layout of the York Plarit’s manufacturing 
facilities with C. |. MacGuffie, Department Marketing 
Manager 
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GE WELDING DEPARTMENT 
COMPLETES MAJOR EXPANSION PROGRAM 


Fig. 2 Employees wind aluminum coils for a-¢ transformer 
welders in this assembly line operation 


and because available structures could be effectively 
modified and adapted to efficient production of are- 
welding equipment, the GE General Manager said, 

In order to provide the required floor space, it was 
necessary to modernize and rehabilitate the plant's 
existing structures, and to construct two new buildings. 
The joining of former structures reportedly provides 
for straight line production and material flow, 

Coincident with the relocation, GE is introducing a 
new line of 300-, 400-, and 500-amp a-c welders, and 
new 300- and 400-amp d-c rectifier type welders, first 
produced in the York plant. In addition to these prod- 
ucts, the plant’s new assembly line system will turn out 
d-e engine drive and motor-generator welders, inert-arc 
equipment, and Fillerarc, GE's new equipment for 
consumable-electrode, gas-shielded welding. 

Layout of the manufacturing facilities at the York 
plant is U-shaped. Assemblies flow along three main 
production lines on one side of the U onto a common 
conveyor which carries them across to the sheet meta! 
and finishing areas. Proceeding down the other side of 
the U, the welders are crated, warehoused and shipped. 

“The basic design of the plant, provides for produc- 
tion of subassemblies at the point of use,”’ Mr. Freeman 
pointed out. “Where this is not possible, parts are 
carried to the assembly lines by means of conveyors, 
In addition, ‘point-of-use’ storage of materials is utilized 
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Fig.3 Rectifier-type d-c welders move down assembly line 
ofter preliminary testing 


wherever possible to minimize materials handling 
costs,”’ 

Other major installations at the new location are 
quality-control and laboratory facilities, including 
assembly line testing stations, and metallurgical and 


welding process development laboratories. 


Fig. 4 Performance testing is shown here in Welding 
Development Laboratory. Output, efficiency, power factor 
and other electrical characteristics are tested at this 
station 


The General Electric Co. began assembling motors 
and generators for welding purposes as early as 1908; 
however, the Welding Department was not consolidated 
until 1946. Previous to operating in Fitchburg, Gh 
welding equipment was manufactured in Detroit, Mich., 
Schenectady, N. Y., Lynn and Pittsfield, Mass. 


Automobile Manufacture. Here's How Spotwelding Joins 
42 Parts in 4 Operations, Industry & Welding, vol. 27, no. 7 
(July 1954), pp. 58-60, 65, 

Brazing Aluminum Alloys. Make Intricate Structures from 
Brazed Aluminum Castings, J. H. Dunn and FE. P. White. 
Industry & Welding, vol. 27, no. 8 (Aug. 1954). 

Carbide Cutting Tools, Brazing and Grinding of Carbide- 
Tipped Tools, L. Fine. Engrs, Digest, vol. 15, no, 9 (Sept. 
1954), pp. 566-368. 

Car Building. Automatic Welding of Long Seams. Tool 
Engr., vol. 33, no. 3 (Sept. 1954), pp. 74-76. 

Car Building. ‘“Shotwelding’’ Santa Fe Cars, H, C. Phelps. 
Welding Engr., vol. 39, no. 8 (Aug. 1954), pp. 28-31. 

Copper Castings. Welding Copper and Copper Alloy Castings, 
A. 0. Dodge. Foundry, vol. 82, no. 9 (Sept. 1954), pp. 165, 
168-170. 

Cutting Tools, Repair, Are Weld Repairs on High Speed 
Tool Steel, K. Rose. Matis, & Methods, vol. 40, no, 3 (Sept. 
1954), pp. 144-145. 

Electrodes, Production of Resistance Welding Electrodes. 
Welding & Metal Fabrication, vol. 22, no, 8 (Aug. 1954), pp. 
205-206. 

Houses, Welded Steel. It's Here: Welded Steel 
Home, ©. B. Clason. Welding Engr., vol. 39, no. 8 (Aug. 
1954), pp. 17-20. 

Inert Gas. Nitrogen Prevents Contamination of Inert Are 
Welds In Stainless Piping, E. B. LaVelle. Industry & Welding, 
vol, 27, no. 8 (Aug. 1954), pp. 35-38, 64-65. 

Inert Gas. Porosity in Low Carbon Steel Tungsten Inert 
Are Welds, A. J. Rosenberg and B. Townshend. Steel Processing, 
vol. 40, no. 9 (Sept. 1954), pp. 569-571. 

Light Metals. Spot Welding of High-Strength Aluminum 
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Alloys, H. E. Dixon and J. FE. Roberts. Brit. Welding J., vol. |, 
no. 8 (Aug. 1954), pp. 351-370. 

Light Metals. Spot Welding of Aluminum Alloys, H. Fb 
Dixon. Welding & Metal Fabrication, vol. 22, no. 9 (Sept 
1954), pp. 350-353; no. 10 (Oct.), pp. 384-387. 

Metals and Alloys. Right Metal in Right Place, G. H 
Thurston. Western Machy. & Steel World, vol. 45, no. 8 (Aug 
1954), pp. 86-90. 

Oxygen Cutting. Add Iron Powder to Flame to Improve 
Cutting of Stainless Steels, J. R. Kirwin and J. Holmstock 
Industry & Welding, vol. 27, no. 8 (Aug. 1954), pp. 70-72, 75 

Oxygen Cutting. Flame Cutting by Machine, D. E. Brooks 
Can. Machy., vol. 65, no. 8 (Aug. 1954), pp. 179-180. 

Petroleum Pipe Lines. Welding and Coating for Swift Prog- 
ress, P. Reed. Oil & Gas J., vol. 53, no, 20 (Sept. 20, 1954) 
pp. 188, 190, 193, 196. 

Petroleum Refineries Equipment. Piping and Petroleum Plu. 
Welding and Flame-Cutting, J. Bland. Welding Engr., vol. 39 
no, 8 (Aug. 1954), pp. 32-35. 

Pipe Joints. Cyclic Heating Test of Main Steam Piping 
Materials and Welds at Sewaren Generating Station, H. Weis- 
berg and H. M. Soldan. Am. Soc. Mech. Engrs.—Trans., vol 
76, no, 7 (Oct. 1954), pp. 1085-1089; (discussion), pp. 1089 
1091, 

Pipe Lines. Radiographic Inspection of Pipeline Welds, 
W. W. Thayer. Oil & Gas J., vol. 53, no. 20 (Sept. 20, 1954) 

Rockets and Rocket Propulsion. Hardfaced Inserts Lick 
Abrasion Problem on “Fastest Vehicle,’’ G. Nichols. Western 
Metals, vol. 12, no. 8 (Aug. 1954), pp. 68-69. 

Rolls Repair. Economical Roll Reclamation, J. Goldstein. 
Iron & Steel Engr., vol. 31, no. 9 (Sept. 1954), pp. 112-114 

Rolls Repair. Rebuilding Steel Mill Rolls, R. Hall. Iron & 
Steel Engr., vol. 31, no. 9 (Sept. 1954), pp. 109-112. 
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FIXTURE EXPEDITES PRODUCTION OF WELDED 
ANGLES FOR AIRCRAFT JIGS 


Angles for aircraft jigs are formed quickly and _pre- 
cisely on a weld and check fixture developed at Temeo 
Aircraft Corp., Dallas, Tex 

Welders employed by this company estimate that 
the fixture saves an average of five man-hours per 
jig by simplifying the positioning and welding of open 
and closed angles and gussets. 

At the Dallas plant, where tooling is underway for 
production of B-52 fuselage sections, as many as 2000 
angles are used in a single jig. Sides of these angles 
range up to 22 in. long, almost twice the length of the 
largest standard stock angle. Hence, they fabricate 
many of the angles they use. 

Welders formerly held angle sides together by hand 
while they tacked them with an electric are. Con- 
siderable adjusting and checking with a square was 
required before even a 90-deg angle was accurate enough 
for a final weld and machining. 

If a welded angle was inaccurate by 4 deg or more, 
machining usually removed more material than thick- 
ness minimums allowed. The least inaccuracy in 
joining angle sides together caused excessive machining 
time. 

As shown in the accompanying illustration, the 
weld and check fixture has a back plate and a hed 
plate, each made of 10- x 10-in. pieces of 1-in. cold- 
rolled steel. Four feet, welded to the bed plate, are 
3 x 3 x 2'/.-in. angles, 

These plates are hinged together by two I- x I- x 3- 
in. hinges. They are welded to the bed plate and are 
joined to the back plate by two '/2- x 1'/:-in. dowels 
This allows the angle formed by the back and bed 
plates to be opened and closed. 

Closure is regulated by a '/s- x 13-in. threaded bolt 
It runs horizontally through a block welded to the 
hottom of the bed plate and through a swivel block 
which is secured by dowels to the bottom edge of the 
back plate. 

Two star nuts are attached to the front end of the 
bolt. The fixture operator turns one nut to tilt the 
back plate to form any angle from 30 to 180 deg. 
He turns the other to lock the back plate at the desired 
angle. 

Setting up the weld and check fixture takes less 
than a minute, and tacking the angle is almost as simple. 

One angle side is placed horizontally on the bed 
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Exact angles for aircraft jigs are turned out with this 
inexpensive weld and check fixture 


plate. The other is placed upright, flush against the 
back plate. Both sides are secured to their respective 
plates with C-clamps 

The angle is established by turning the star nut 
until an indicator, on one edge of the back plate, is 
opposite the desired degree mark on a protractor, 
mounted on top of one hinge 

Then the fixture is locked with the other star nut, 
the gusset is placed in position and tacked, and angle 
sides are tacked together. ‘Then C-clamps are loosened, 
and the angle is removed for final gas or are weld. 

These angles already are true to within one degree 
when they are ready for machining. This has reduced 
machine time an average of 10 min a unit since the 
new weld and check fixture has been in use, 
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COMPLICATED ALUMINUM ASSEMBLIES 


BY INERT ARC PROCESS 


BY W. O. WHITEHEAD 


Fabricating odd-shaped parts out of thin-gage alu- 
minum is all in a day’s work to manufacturers who 
supply assemblies to the aircraft industry. One manu- 
facturer is now making a complex manifold assembly 
for aircraft engines. Because of its irregular shape 
and oddly placed appendages, ten manual welds have 
to be made to complete the part. Seven of these welds 
are made with a lightweight, Heliare HW-9 torch. 
The other three welds are made with an oxy-acetylene 
torch. 

The manifold starts out as a sheet of 528 aluminum 
which is pressed into semitubular form as illustrated 
in Fig. 1. Two mating fo s are then placed back to 
back and spot welded togetl. In the next operation, 
the excess metal is trimmed and the longitudinal joints 
are welded with an oxy-acetylene torch. All the welds 
hereafter are made by inert-gas-shielded metal-are 
welding. 

Six appendages are added to the main manifold 
tube, as indicated in Fig. 2. After the parts have 
been aligned properly in special jigs made in the shop, 
a welding operator quickly tack welds them in place. 
The finished welds are completed on an electric turn- 
table which is controlled by a foot switch (see Fig. 3). 
Since each weld takes only 20 to 45 sec., production 
rates are high and cost is at a minimum. 

Steel piugs are used to back up the welds wherever 


W. O. Whitehead is with the Linde Air Products Co., Pittsburgh, Pa. 


Fig. | In the first stage of fabricating these manifolds, 
pressed forms are spot welded to form a tubular shape. 
The longitudinal joints are then welded with an oxy-acety- 
lene torch, and the excess metal is removed 
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possible. These plugs are easily removed after welding 
by heating the manifold with an oxy-acetylene flame. 

In inert-are welding, the are and weld area are pro- 
tected from contamination by a blanket of inert argon 
gas. This shielding eliminates the need for flux and the 
possibility of porosity caused by flux entrapment. 
Because the inert-are welds on these manifolds are 
smooth and sound, they need no costly finishing and 
are left in “as-welded” condition. 


Fig. 2 Six pieces are welded to the main manifold tube in 
the positions shown here 


Fig. 3 After the manifold has been tack welded, it is 
placed on this turntable for finish welding. The welds are 
free from porosity and flux inclusions 
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Chicago Is Scene of Another Memorable AWS Event— 
The Thirty-Fifth National Fall Meeting 


Near record allendance, addresses by Plummer and Humberstone, 


Adams Lecture, varied technical sessions, full calendar 


of social events, and discussions of Sociely affairs make 


week of Nov. 1-5, 1954 a fruitful and pleasant experience 


BY L. C. MONROE 
Welders’ Digest 


Chicago was truly the crossroad of 
welding interest during the first week in 
November. The reason? The Thirty- 
Fifth National Fall Meeting of the 
AMERICAN WELDING Society and the 
National Metal Exposition were being 
held in town. The focal point for en- 
gineers, production men and others in- 
terested in welding, was the Hotel 
Sherman, where registration and tech- 
nical meetings took place. A total of 
1403 members and guests congregated, 
a near record registration figure for 
Chicago meetings 

The success and smooth functioning 
of these national meetings require a 
tremendous amount of effort, thought 
and time on the part of many people. 
It involves the national officers, head- 
quarters staff, many committees and 
last, but not least, the local Section of 
the Society which, in this case, was the 
Chicago Section. To give an idea of the 
time involved, the first meeting in plan- 
ning elementary details for the Thirty- 
Fifth National Fall Meeting was held 
one year ago at the Cleveland Conven 
tion. This was a meeting between Joe 
Magrath, Secretary of the Soctery, and 
the officers of Chicago, the host Sec- 
tion. This meeting was followed by 
others in Chicago, to arrange the many 
unseen details. The final meeting was 
held Sunday noon, October 31st, when 
details again were checked and double 
checked, 


Between scheduled meetings, the 
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Registration starts with a bang! On Monday morning, heavy turn-out kept three 
charming ladies mighty busy registering both members and guests. Near-record 
crowd came from almost every state in the Union and several foreign countries 


various arrangements committees lose 
little time turning plans into realities 
Chairmen and members alike become 
human dynamos to see that their as- 
signments are properly handled and to 
assure that everything is ready for the 
starting bell. Their task is a satisfying 
one but, nevertheless, it means a lot of 
work that is not visible on the surface 
The reward for the individual, as well 
as collective, efforts is many fold. The 
greatest satisfaction comes from being a 
part of the activities which make the 
meeting possible and which attract visi 
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tors from almost every state in the 
Union and a great many foreign coun- 
tries 

While the Convention did not open 
officially until Monday morning, 
November Ist, there were many ‘‘early 
bird” arrivals on the day before. Some 
were those who had functions to per- 
form, but many others were men and 
women who desired to become settled 
in their quarters and casually renew 
friendships as well as make plans before 
the official start of activities the next 
morning. Also, quite a few came to 
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register on Sunday afternoon. 


Ladies Social Events 


A surprisingly pleasant innovation 
this year was a ‘Coffee Reception” held 
on Sunday evening at 6:00 P.M., by the 
Host Section to enable advance arrivals 
to meet the Chicago Section officers 
and their wives. Coffee and pastries 
were served in the Orchid Room. This 
function was under the chairmanship 
of Harry Comstock and his Ladies 
Entertainment Committee consisting of 
wives of Chicago Section members. 
This turned out to be a gala affair with 
over 150 attending, a number which far 
exceeded expectations. Everyone was 
made to feel at home and all had an 
enjoyable time. 

This live-wire Ladies Entertainment 
Committee also provided a second in- 
novation. In addition to arranging 
several excellent activities for the ladies 
for Monday, Tuesday, Wednesday and 
Thursday, they sponsored a coffee hour 
at 10:00 A.M. on the first three days of 
the week and a buffet luncheon on 
Thursday. There was no record kept 
of the number of men who “edged their 
way in” fora mid-morning cup of coffee, 
but there were over 110 ladies registered 
by the Society in the Orchid Room. 
The average attendance for the ladies’ 
events, not counting the coffee hours, 
was over 60 


Opening Day Meetings 

The Thirty-Fifth National Fall Meet- 
ing was opened officially on Monday 
morning by Fred Plummer, President 
of the Amenican Wenpina Soctery. 
Mr. Plummer, presiding over a large 
gathering in the Louis XVI Room of the 
Hotel Sherman, called the meeting to 
order at 10:00 A.M. and bade weleome 
to those in attendance. Walter Goerg 
Jr., Chairman of the National Conven- 
tion Committee, was his Co-Chairman 
and Les McPhee, Chairman of the 
Meeting Sessions Committee, was the 
Supervisor, 

After the President’s introductory 
message, a number of Awards were 
made, The Lincoln Gold Medal was 
presented to Prof, A. A. Toprac, of the 
University of Texas, for the paper 
judged as the most original contribution 
to the advancement and use of welding 
and published in Tae Weipina Jour- 
NAL during the 12-month period ending 
in July. His winning article was en- 
titled “An Investigation of Welded 
Rigid Connections for Portal Frames.” 

The A. F. Davis Undergraduate Weld- 
ing Award, first prize, was presented to 
QO. P, Eberlein and R. C, Waugh, Cornell 
University, for ‘Underwater Metallic 
Are Welding,*’ published in the Cornell 
Engineer; second prize was presented 
to Richard Hayes, Massachusetts Lnsti- 
tute of Technology, for ‘Recent Ship 
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Technical papers sessions must click—in time and in presentation. Every morning 
les McPhee and Bonney Rossi cortalled all the authors and supervisors for the 
Author's Breakfast and gave them the “know how” for each session's procedure 


Monday evening was the “big night”: President's Reception and National Dinner. 
Reception was a truly gala affair, as seen above; National Dinner featured Society 
awards and a fine colored-picture Travelogue by our President, Fred Plummer 


As everyone who was at the President's Reception will tell you--"a good time 
was had by all.” The above scene is the best evidence that everybody was not 
talking about welding 


Society News Tue WELDING JOURNAL 


The ladies said it was the best convention they ever attended. They sure had a 
fine time—over one hundred of them—particularly at the Coffee Hour each 


morning when they got together and reviewed the latest "Did you hear... 


On Monday morning, William L. Warner, of the Watertown Arsenal Laboratory, 


delivered his Adams Lecture before an attentive and large audience. 


keynote opening activity of the convention 


It was the 


All week long, the technical sessions drew heavy, interested audiences. A total 
of 56 papers on welding and allied subjects were presented—every one of them 


was a real contribution to our knowledge 
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Failure Studies,’ published in Tech. 
Engineering News. 

Following the awards, William L. 
Warner, Engineering Research Adviser, 
Watertown Arsenal, delivered the honor 
lecture, known as the Adams Lecture. 
This lectureship was established to 
honor the founder and first President 
of the American Society, 
Dr. Comfort A. Adams, and is awarded 
annually to an outstanding scientist or 
engineer who has made a new or dis- 
tinctive development in the field of 
welding. In his leeture, “The Tough- 
ness of Weldability,”’ Mr. Warner dis- 
cussed the significance of toughness on 
the serviceability of welds and de- 
scribed his work on methods of evaluat- 
ing this important property. His lee- 
ture was very well received, indeed 

The National Nominating Committee 
held an open meeting at 2:00 P.M. 
The object of this open meeting was to 
make it possible for any Section or in- 
dividual to be heard, 

Also at 2:00 P.M. the first group of 
technical papers sessions got under way, 
giving an excellent start to an activity 
which is the backbone of all conven- 
tions 


President's Reception 


The President's Reception was held 
at 6:00 P.M. on Monday evening, in 
the Louis XVI Room. Some five hun. 
dred and seventy members and guests 
went through the receiving line. This 
was reported to have been the largest 
attendance at such an affair, Re- 
freshments and « social period followed 


National Dinner and 
Awards 


The National Dinner took place at 
8:00 following the President's 
Reception, There were two hundred 
and forty participants, After din 
ner, Toastmaster Goerg called upon 
President Plummer who, after a few 
gracious remarks to the assembled 
ladies and gentlemen, presented the 
AWS National Awards. A. F. Davis, 
Vice-President and Secretary of the 
Lincoln Electric Co., was awarded the 
Samuel Wylie Miller Memorial Medal 
for outstanding contributions to the ad- 
vancement of the art of welding. Mr. 
Davis has been active in the welding 
industry for many years. He was 
elected to receive the Miller Medal 
this year for his clear vision of the value 
of welding knowledge and his generous 
contribution to the promotion of educa- 
tion which has advanced the welding 
profession and the science and art of 
welding 

H. ©. Hill, Assistant Chief Engineer, 
Fabricated Steel Construction, Bethle- 
hem Steel Co., was awarded an Honor- 
ary Membership in the AMERICAN 
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Sociwry. The Honorary 
Membership was given to Mr. Hill in 
recognition of his pioneering work in the 
application of welding to steel struc- 
tures. He is a Past President of the 
AWS. 


William L, Warner was presented an 
award for the Adams Lecture. 


Next, J. R. Stitt, Chairman of the 
1953-54 Membership Committee, pre- 
sented the two Henry C, Nietzel awards. 
The first of these went to the New 
York Section for showing the greatest 
numerical gain in membership during the 
past year, from 481 to 613 members. 
The second award was for the Section 
showing the greatest gain percentage- 
wise, and was won by the Oklahoma 
City Section. The awards were ac- 
cepted by John Stewart for New York 


The Section and District Officers got together to discuss section management prob- 
lems on Tuesday afternoon. Officers from different Sections told “how they did 
it” and lively discussions ensued. Not everybody was in agreement, but all bene- 


fited from the other fellow's opinion 


On Thursday, the outgoing Board of Directors met and completed the required 
business of the day; the incoming Board did the same a little later. As evident 
from the serious expressions on the faces of the outgoing Board members, some of 
the problems placed before them required careful consideration to assure the best 


welfare of the Society 


and M. J, Barnes for Oklahoma City. 

There were many eminent and dis- 
tinguished guests present at the dinner. 
Three of them were introduced to the 
audience. The first was J. B. Austin, 
President, American Society for Metals; 
the second was Howard Biers, President, 
International Institute of Welding, an 
international organization with mem- 
bership distributed in 23 countries: 
the third was J. H. Humberstone, 
President-elect of the Soctery. 

The affair was capped by the showing 
of a series of excellent pictures taken by 
President Plurnmer during his travels in 
Europe and Japan, as well as in this 
country, Mr. Plummer provided the 
running commentaries. 


Technical Sessions and 
Other Meetings 


From Tuesday morning on through 
Friday morning the technical sessions 
followed in the order given in the official 
program (see October issue of Tre 
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JourNAL, pages 1000-1006). 
Space does not permit any further com- 
ment on these sessions, except to say 
that they were all well attended and the 
papers were most interesting. In addi- 
tion to the regularly scheduled technical 
sessions, there were other events that 
should be mentioned. 

The Convention-Manufacturers-Ex- 
position Committee held a luncheon 
meeting on Tuesday, It was announced 
that the registration hotel for the 
Kansas City 1955 Spring Meeting would 
be the Meuhlbach Hotel, with technical 
sessions and meetings to be held there if 
possible. 

The Section and District Officers 
Meeting was held on Tuesday after- 
noon. This is always an interesting 
meeting as it brings together many 
workers, who might not otherwise meet, 
to solve problems and exchange sugges- 
tions. 

An interesting breakfast meeting was 
held for District 3 on Wednesday morn- 
ing. It is the objective of this group to 


Society News 


synchronize the Section Meetings in 
their District in such a way that a 
speaker can, so to speak, “ride the 
circuit.” Under such a plan, more 
prominent speakers, from greater dis- 
tances, would be attracted to address 
their gatherings. 

The Welding Research Council Uni- 
versity Dinner and Conference was 
held on Wednesday evening. 

The National Welding Supply Assn. 
held a _ get-together luncheon on 
Wednesday, with an attendance of over 
ninety distributors and manufacturers 
of welding equipment and supplies. 
The attendance exceeded reservations 
by a healthy figure, so much so that the 
room appeared to be ‘‘bulging at the 
seams.”’ 

Thursday was what one might cal! 
“Board of Directors’ Day.”’ The final 
meeting of the 1953-54 Board was held 
in the morning, with a luncheon at noon. 


Annual Business Meeting 


The Annual Business Meeting was 
called to order by President Plummer at 
2:00 P.M. After a few preliminary 
remarks, President Plummer presented 
his annual address. His full text, some- 
thing that every member should read, 
follows these few personal jottings. 

At this same meeting, Frank Mooney, 
the AWS Assistant Treasurer, presented 
the financial report for 1953-54, in the 
absence of the Treasurer, R. 8. Donald. 
Next, Mr. Magrath presented his Secre 
tary’s Report in written form, He was 
followed by J. R. Stitt, Chairman of the 
National Membership Committee, who 
advised that the Socrery’s membership 
had cracked ‘the ‘‘sound barrier’ of 
10,000 members. The Technical Ac- 
tivities Committee Chairman, Art Kug- 
ler, reported for his group. 

Following the various reports, Presi- 
dent Plummer turned the office of Presi- 
dent over to ‘‘Joe’”” Humberstone, Presi- 
dent-elect, who thus became, officially, 
the standard bearer of the American 
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Wetprne Socrery for the 1954-55 fiscal 
vear. Mr. Humberstone’s acceptance 
speech, like Mr. Plummer’s address, 
will be found herewith. As a culmina- 
tion to the ceremonies, Mr. Plummer 
was presented with a ‘‘Life Member 
ship” in the Society 


1954-1955 Board of 
Directors Meeting 


The 1954-55 Board of Directors met 
for the first time, after the business 
meeting had been adjourned 

One of the most important actions 
taken at this meeting was the formal 
establishment of a Technical Council 
whose job it will be to co-ordinate and 
pass upon all technical affairs of the 
Society. The Technical Council, com- 
posed of Board representatives, will act 
for the larger group in all such matters, 
and all technical affairs brought to the 
Society will be referred directly to the 
attention of its members. All actions 


taken by the Technical Council must 
be ratified by the Board of Directors. 


Plant Tours 


There were two plant tours of con- 
siderable interest. On Wednesday 
many members visited the Hotpoint Co 
plant to see how refrigerators are manu- 
factured; on Thursday, they toured the 
Standard Oil Co. refinery at Whiting, 
Ind. Total participation in the two 


tours was 227 


National Metal Exposition 


In addition to sharing in the busy 
goings-on at the Hotel Sherman, most 
of the members visited the National 
Metal Exposition which ran from Mon- 
day through Friday at the International 
Amphitheater. A total attendance of 
over 60,000 was clocked there! 

The exhibits filled the Amphitheater 


to capacity. Although diversified in 


nature, they were mainly pointed at 
processing, treating, welding and cutting 
of metals. There was much informa- 
tion to be had for the asking and the 
attendance figures indicate that many 
took advantage of the opportunity of- 
fered 

A convenient and efficient direct bus 
service between the Hotel Sherman and 
the Amphitheater made it possible for 
all who desired to do so to get full value 
from both the exhibits and the technical 
sessions. 


Excellent Convention 


Without a question, the Thirty-Fifth 
National Fall Meeting was a truly 
wonderful experience, one not to be for- 
gotten very easily. An air of optimism 
and enthusiasm reigned at all times, re- 
flecting full confidence in the future 
growth of the American WELDING 
SOCIETY. 

See you in Kansas City! 


President's Address and Annual Report 


ADMINISTRATIVE YEAR ENDING NOVEMBER 4, 1954 
By FRED. L. PLUMMER 


President, American Welding Society, 1953-54 


President Plummer delivering his address at the Thirty-Fifth Annual 
Meeting. It was a real pleasure listening to our President review 
the over-all activities of the Society during his two successful and 


productive terms 
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Members of the American WELDING 
Society: Few experiences that can 
come to any of us are as pleasant and as 
satisfying as the privilege I have had in 
serving as Premdent of your Sociwry, 
Two years ago in Philadelphia I ac- 
cepted the responsibilities of this office 
and pledged my diligent efforts in at- 
tempting to promote the best interests 
of our Sociery and the Industry which 
it represents. One year ago in Cleve- 
land I presented a brief report indicat- 
ing that we had had a good year—one 
of steady, healthy growth, highlighted 
by the achievement of a few outstand- 
ing “‘firsts’’ and by the initiation of 
several new activities. I agreed then to 
continue to serve as your President for 
a second term. I am happy to report 
now that we have had another good 
year—one of continued growth marked 
by the consummation of some of the new 
objectives referred to in my report of 
last year. May I outline briefly for 
you a few of our activities during these 
past two years. 

First let me emphasize that I, per- 
sonally, can claim very little credit for 
any successes we have had, any ad- 
vances we may have made, as we have 
strived to assume rapidly increasing 
our modern and 
We should all 


responsibilities in 
highly technical world. 
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New York Section won the National 
Membership Award for the greatest 
numerical gain in members and 
Oklahoma City for the greatest gain 
percentagewise. Ray Stitt, Member- 
ship Chairman for the past year, pre- 
sents the Membership Plaques to John 
T. Stewart for New York (top) and to 
Marvin J. Barnes for Oklahoma City 
(bottom) 


feel deeply indebted, and should express 
our appreciation, to: first, my predeces- 
sors—our 28 Past-Presidents——who have 
planned so wisely and led so effectively; 
second, our earnest, intelligent, highly 
competent and loyal staff of professional 
workers—~Magrath, Mooney, Spraragen 
Greenberg, Rossi, Schramm, O'Leary, 
and their 15 or more associates; and 
third, you--our members, our section, 
district and national officers, chairman 
and members of our more than 100 op- 
erating technical and special com- 
mittees and juries of awards. I have 
been repeatedly impressed by the un- 
usually high caliber of the people who 
make up our Soctery and by their alert 
progressiveness in technical matters. 
During the past two years our mem 
bership has increased by a little more 
than 30% from a total of leas than 8000 
to one in excess of 10,300. Building on 
the foundations laid by Neitzel and Mor- 
rison, Ray Townsend provided inspired 
guidance during the first year. Ray 
Stitt gave effective leadership during 
the second year and now Ed Dato is 
providing the stimulus which should 
push our membership beyond the 
12,000 mark during the next year and a 
half. A complete restudy of member- 


ship classification is now being made by 
a special committee headed by G. V. 
Slottman. I 


expect that significant 


OS 


modifications may soon be recom- 
mended to your Board of Directors. 
Another new and important committee 
headed by I. Morrison has just been 
activated to make a serious effort to 
upgrade the status and largely increase 
the number of our Sustaining Company 
Memberships. 

At the end of our 1951-52 year your 
Board of Directors approved a budget 
for 1952-53 as recommended by your 
Finance Committee which was based on 
estimated income and expense of about 
$285,000. As reported last year our 
actual expense amounted to about 
$326,000 while our income totaled more 
than $348,000, providing a cash surplus 
of about $22,000 in spite of the in- 
creased expenses which represented 
additional services to our members. 
Based on this experience the budget 
adopted for this past year called for in- 
come and expense of about $345,000. 
Again our activities have been ex- 
panded. Our expenses will equal per- 
haps $269,000 with income in excess of 
$383,000 again providing a balance of 
about $15,000. For next year we have 
budgeted an income and expense of 
about $389,000 which represents an in- 
crease of almost 37% over that of two 
years ago. I quote these figures to 
give you a better idea of the broad scope 
and rate of expansion of your SocieTy 


(Top) President Plummer presents hon- 
orary Membership to Harold O. Hill, 
Past-President of our Society and 
Chairman of the AWS By-Laws Com- 
mittee, for many years of outstanding 
service. (Bottom) A. F. (Charlie) Davis 
received the Society's Samuel Wylie 
Miller Medal and Certificate in recog- 
nition of his many years of worthy 
contributions to the advancement of 
welding and the welfare of our industry 
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activities. Except for the increased in- 
come from membership dues, this re- 
markable financial record is largely the 
result of the efficient and effective work 
of our Treasurer, R. 8. Donald; our 
National Secretary, Joe Magrath; and 
our JoURNAL Editor and Manager, Bil! 
Spraragen. Your officers are seeking 
additional sources of income which 
would make possible still more and bet- 
ter services to industry, to our members 
and to our country. Special committees 
are being organized in connection with 
Sustaining Members, with the publis!- 
ing of special technical books in the field 
of welding, and with the preparation of a 
new Handbook which may be issued in 
sections at yearly intervals. 

I have again had the pleasure of par- 
ticipating in a number of our Section 
activities. Several new sections have 
been formed during the past two years, 
bringing the total number to 74. The 
country has been redistricted into 11 
areas thus enabling our District Direc- 
tors to more effectively coordinate the 
activities of the sections in each district 
John Blankenbuehler, as Chairman of 
the Section Advisory Committee, has 
given much time to the successful com- 
pletion of this difficult task which was 
started by Ted Jefferson while he was 
Chairman of this Committee. Your 
Board of Directors has authorized the 
issuing of ‘Charters’ to new sections 
and to old sections upon request. The 
formation of a Speakers Bureau is being 
actively considered. Our new By-Laws 
provided for the granting of Meritorious 
Awards on the Section and District 
levels. Other means of providing more 
assistance to sections from our National 
Headquarters are being studied. May 
I suggest that each of you carry back to 
your Section as a text: “I attended a 


Walter Goerg, Chairman of the Con- 
vention Committee, does the honors in 
presenting the A. F. Davis Undergradu- 
ate Welding Award, first prize, to 
Roger C. Waugh for the excellence of 
his paper on the subject, “Underwater 


Metallic Arc Welding.” Otto P. 


Eberlein was co-author 
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meeting and I got an idea.”” Build your 
own sermon around that text. I would 
like to pay high tribute to the diligence 
and unusual competence displayed dur- 
ing these past two vears by our District 
Directors. 

Only a few of our members have any 
proper conception of the tremendous 
scope and activity of the technical com- 
mittees of the American WELDING 
Society and associated groups. Use of 
the Codes and Standards prepared by 
the several hundred men who constitute 
these committees, and whose work is so 
ably coordinated and expedited by Si 
Greenberg, has saved our nation and 
its industries millions of dollars and 
many no one can Sily how many 
lives. Based on the recommendation of 
a committee headed by our President- 
Elect, Joe Humberstone, a Technical 
Council of the Board of Directors has 
been organized and has already started 
to function under the leadership of i 
Morrison who will be its Chairman dur- 
ing the coming year. It is believed that 
this Council can bring your Board of 
Directors, your National Secretary and 
representatives of Management in In- 
dustry into closer contact with the 
Technical Services of the Society; can 
supervise the Sociery’s Technical, 
cational, Papers, Welders’ Certification, 
and other activities dealing with tech- 
nical matters; and can, with a clearer 
understanding of industry's needs, ini- 
tiate new projects which will be most 
beneficial in the advancement of the art 
and science of welding. 

I would like to pay a special tribute 
to “Is’’ Morrison. One of our poets 
has written: 


“God give us men. A time like this 
demands 

Strong minds, great hearts, true faith 
and ready hands.” 


We have many such men in this great 
Society but none more able or more 
willing to help than “Is.” During the 
past two years he has repeatedly stepped 
forward with a quiet “I will” when 
others, less busy, have hesitated And 
‘earry through.” 


‘ 


he has never failed to 

On July 26th of this year our com- 
pletely revised By-Laws, approved al- 
most unanimously by those of our mem 
bers who mailed in their votes, became 
effective, instituting significant and im- 
portant changes in our operating pro- 
cedure. These revisions had been pre- 
pared by your Constitution and By- 
Laws Committee, of which H. O. Hill is 
Chairman 

Your Publicity and Public Relations 
Committees are meeting together this 
week to review their activities and con- 
sider how they can more effectively serve 
the Socrery. Our First Vice-President- 
Elect, J. J. Chyle, heads two important 
special committees: one, concerned with 
headquarters housing and the other with 
welder certification. Malcolm Prieat is 
Chairman of another special committee 
which is making a thorough study of 
our awards program and will bring to 
the Board of Directors recommenda- 
tions concerning additional awards 
whieh may be authorized. An active 
Education Committee has continued to 
function under the leadership of J 
Heuschikel. 

During the past two years we have 
lost through death the warm fellowship 
and dynamic personalities of two of our 
Past-Presidents, George Sieger and 
Wendell F. Hess: of our First Vice- 
President Eric Seabloom; and of several 
other members who had for many years 
served the Society in one or many of 
its more important activities. 

Last year I called attention to some 
of the activities of the International 


The plant tours contributed to the general success of the convention. Here we see 
the front end of a group of “tourists” examining a welding operation at the Hot- 
point Co. refrigerator manufacturing plant in Cicero. The Whiting Refinery and 
Research Laboratories of the Standard Oil Company of Indiana was the scene 


of another plant tour 
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Institute of Welding of which your 
Society is a member. Last May Mrs. 
Plummer and I were part of an American 
delegation of 16, including Mr. and Mrs 
Spraragen, who attended the meeting 
of this Institute in Florence, Italy, at 
which our fellow member Dr, Howard 
Biers was installed as President of the 
Institute. Total registration at this 
meeting included 637 persons represent- 
ing 19 nations. Dr. Biers’ election to 
the Presidency of this Institute not only 
honors him but also the AMERICAN 
Socwry, the Welding Re- 
search Council and the Ship Structure 
Committee which jointly sponsor the 
United States membership. 

Several outstanding National Meet- 
ings have been held during the past two 
vears. During June 1953 we inaugu- 


With his term officially over, Mr. 
Plummer is called upon by fellow 
Past-President Harry Pierce to come 
forward to receive his Past-President’s 
Pin and Certificate, as well as his Life 
Membership in the American Welding 
Society. These are symbolic rewards 
for his fruitful service as the Society's 
highest officer 


rated « significant change in Society 
policy with our first National Spring 
Meeting, and Welding and Allied Indus- 
tries Exposition at the Shamrock Hotel 
in Houston, Tex. It was an outstand- 
ing success. Last May we held our 
second such meeting and exposition in 
Buffalo. By all standards this event 
was an even greater success. Next June 
our third all-welding meeting and ex- 
position will take place in Kansas City, 
In March 1953 our Los Angeles and 
Long Beach Sections cosponsored the 
Western Metal Exposition in Los 
Angeles. During October 1953 in con- 
junction with the National Metal Ex- 
position we held our 44th Annual Meet- 
ing in Cleveland. This week here in 
Chicago our Thirty-Fifth Annual Meet- 
ing brings to a close our 1953-54 ad- 
ministrative year. Dr. Harry Board 
man who has been chairman of both our 
Convention Committee and Technical 


Papers Committee; W. Goerg, Jr., 
Chairman of our Convention Committee 
during the past year; C. I. MacGuffie, 
Chairman, and H. E. Rockefeller, Vice- 
Chairman, of our Exposition Com- 
mittee; and R. T. Kenworthy, Exposi- 
tion Manager, working with our staff 
members at National Headquarters, 
deserve much of the credit for the uni- 
form success of these meetings. To the 
50 or more men and women in each of 
these convention cities who have been 
responsible for detailed plans and who 
have in each case extended to us such 
wonderful hospitality we express our 
most greatful appreciation. 

These are only a few of the many ac- 
tivities of this dynamic, growing society. 
I have not even mentioned some of the 
creative work and the stimulus to re- 


My years of association with the 
Amenican Soctery in various 
capacities make me fully aware of the 
responsibilities of the chair I have been 
called to occupy. I assure the member- 
ship that I will discharge those responsi- 
bilities to the best of my ability and that 
it will be a distinct pleasure to do so. 

If it is true that a man does well what 
he likes best to do, then perhaps I shall 
be able to live up to the standards of 
performance established by my prede- 
cessors in office. Certainly they have 
left behind them a tradition of service 
and accomplishment that will challenge 
the best that [ can muster. 

Some of you may know how I feel 
about welding. It’s something very 
special with me. If one can love a pro- 
feasion, an art, or a science, then that 
must be the way I feel. I realize that 
I’m not alone in this for I know that 
many of you share this same feeling. 
As a matter of fact, it seems to be a 
characteristic of most of the members 
that I have come to know well, and cer- 
tainly it is an outstanding characteristic 
of our Founder and First President, Dr. 
Comfort Adams, 

How this passion for welding is de- 
veloped doesn’t really matter, but the 
fact that it existe helps to explain the 
growth of the Sociwry, its effectiveness, 
its prestige and reputation. Under its 
past leadership, with excellent coopera- 
tion of the membership and the head- 
quarters staff, the AMenican WeLpina 
Seciery has had wonderful growth. 
Today the membership is close to 
10,000. There are more than 100 tech- 
nical committees and subcommittees 
performing valuable work. We have 
grown with and stimulated the growth 
of a field that has not only built an in- 
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search which emanate from our techni- 
cal committee meetings. I wish that 
I might mention personally many more 
of the people who have given so gener- 
ously of their time and talents in add- 
ing to the productiveness of our Sociery 
during these past two years. I feel that 
I owe a great personal debt to so many 
who have contributed so much. 

I do want to say a word about Bill 
Spraragen. With his typical ‘‘stub- 
borness’”’ he refused to reconsider his 
decision, made several years ago, that 
he will retire from his Sociery responsi- 
bilities on a fixed date, now only a few 
months in the future. There are very 
few in our Sociery’s history who have 
contributed more to its prestige, its 
financial backing, its over-all success 
than has W. Spraragen. A scholar with 


President-Elect Humberstone’s Acceptance Message 


unusually broad scientific and technical 
knowledge, an astute businessman, an 
acute editor, he has established and main- 
tained an excellence in our publications 
which has brought to the Socrery recoy- 
nition and acclaim throughout the 
world. Although ‘Bill’ may sever his 
official connection with the Sociery we 
all know that it will continue to be one 
of his chief interests and that we may 
continue to rely on his always sound 
advice. 

You have chosen three fine men to 
lead the Society during the next few 
years. I could not ask that you give 
them better support than that which 
you have given so generously to me. 
With such cooperation we can be sure 
of an even greater future for the AmMeri- 
CAN WELDING Society. 


“Joe” Humberstone, now the new President of the AWS, receives 
his gavel from Past-President Plummer 


dustry, but which has benefited all in- 
dustry and so contributed to the better- 
ment of all people. 

The American Society has 
also, with the passing years, become the 
one generally accepted authoritative 
source of information on welding in this 
country. We dedicate ourselves to sus- 
tain and further develop that growth 
and acceptance. At the root of our 
growth is, of course, the collective vi- 
tality of the membership and the head- 
quarters staff; of people believing in the 
importance of what they do and happy 
in the doing of it. The mere mention 
of our headquarters staff is not in keep- 
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ing with the magnitude of their contri- 
bution. Relatively close association 
with them has made me realize the ex- 
tent to which they have dedicated them- 
selves to the welfare of the Sociery 
It is that knowledge that gives me muc!) 
needed assurance as I assume my duties 
as President. 

To be President of the American 
WeLpiInGc Society is a great honor. 
Welding being my chosen field of en- 
deavor, to be a part of the growth in 
that field, in whatever capacity, is a re- 
warding and satisfying experience. I 
appreciate this opportunity for further 
service and I am truly honored. 
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WELDING OF BUILDING 
STRUCTURE 
Dear Sir: 

The architectural profession has fol- 
lowed with great interest the efforts of 
the AMericaN WeLDING Soctery in its 
fight to raise the standards of welding in 
New York City from the old soldering 
era to its present engineering level. 

It was therefore very gratifying when 
new local laws were passed by the City 
Council last year, signed by the Mayor 
and made part of the Administrative 
Code for enforcement by the Depart- 
ment of Housing & Buildings. One last 
link remained, however, and that was 
to bring the Board of Standards & 
Appeals rules and regulations into line. 

This was successfully accomplished 
on Sept. 17, 1954, when the long, uphill 
fight was won and the Board of Stand- 
ards & Appeals approved the final rules 
and regulations governing welding for 
building structures, despite formidable 
opposition. 


Now—with WEST-ING-ARC—you can weld mild steel 
up to 30 percent faster than with alternate processes. 
Using straight polarity for fastest welding speed, WEST- 
ING-ARC welds without spray, spatter or slag. No need 
for special surface preparation. Stable, intense arc permits 
low gas consumption. Welds are smooth, clean, ready to 


paint without grinding. 


Call your Westinghouse office today. Or write for free 
booklet, Things You Should Know About WEST-ING-ARC, 
Westinghouse Electric Corporation, Welding Division, 


P. O. Box 868, Pittsburgh 30, Pa. 


you can be SURE...1¢ 


Westinghouse 


*MIG: metol inert gas 
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Welding has now won its rightful 
recognition and has been brought under 
the jurisdiction of a governing body for 
its execution and supervision. No 
longer will promiscuous welding in 
building structures be permitted to be 
performed by a handy man or a tin- 
smith with a soldering iron. 

What does this mean to practicing 
architects? 

More and more architects have come 
to the realization that welded building 
structures can be erected at a 10-30% 
saving in cost, due largely to reduced 
depth of beams. In a height of multi- 
ple floors, the cubic contents of a build- 
ing can be reduced without loss of de- 
sign, clear ceiling heights or usable 
areas. Savings are also effected through 
simplification of fabrication drawings, 
shop fabrications, alterations in the field, 
ete. Then too, the noise abatement 
factor is an important one to all. 

Progress has decreed that riveting 
yield to bolting and bolting make way 
for welding. It is therefore inevitable 
that more and more welded building 
structures will rise in the City of New 
York, 

We feel sure that acceptance by the 
largest city in the country will serve 
as an example to other cities across the 
nation. 

Comments by all interested parties 
are invited. A copy of these new 
welding laws is available upon request. 
To those who are located in the New 


York area, the New York Seetion of the 
American Wexpine Socrery will be 
glad to send a copy of their Year Book, 
which contains all these welding laws. 
Cordially, 
A. Semen, AIA, 
Architect 
420 Madison Ave. 
New York 17, N, Y. 


New Sustaining Member 


The National Supply Co., of Tor- 
rance, Calif., are manufacturers and 
suppliers of oil field drilling and produc- 
tion equipment and heavy industrial 
steel products. Completely integrated 
facilities are available for production of 
forgings, billets castings and machined 
parts for industrial use of Ideal Electric 
Steel in stainless, alloy, bearing, air- 
craft, ordnance, die and special analysis 
types, Complete facilities are also 
available for machining, heat treating, 
plating, welding, assembly and labora- 
tory testing including X-Ray, ultra- 
and radiography. 

The National Supply Co, has plants 
located at Torrance, Calif.; Etna and 
Ambridge in Pennsylvania; Toledo and 
Springfield, Ohio; Houston and Gains- 
ville, Tex 

Sustaining (A) Member Representa- 
tive-—Howard Epperheimer, 


Designed to carry the high currents necessary for intense heat, 
BBB Keen-Arc Corbons produce a fine-grained weld of high 
tensile strength. They give a smooth, steady “flowing” flame 
which does not wander and which is concentrated at the desired 


focal point. Flame temperature is easily ond accurately adjusted 


odic resetting. 
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by merely changing the ampere input, and heavy copper coating 
permits gripping at extreme ends—eliminates frequent and peri- 


A COMPLETE LINE OF CARBON WELDING SUPPLIES including carbon 


end graphite electrodes, carbon rods and plates, welding poste, etc. 


Society News 


Write for catalog. 
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HERE'S WEST-ING-ARC, newest BECKE R 3 
Bae KEEN-ARC CARBONS 


G-E FILLERARC 
EQUIPMENT 


GIVES YOU MORE 
APPLICATIONS 
FOR YOUR BS 


WIDE RANGE OF WIRE SIZES~--.020 to .093— HIGH WIRE-FEED SPEEDS—up to 
INVESTMENT are accommodated by the Fillerarc gun. Gun 1000 in. /mt.—are realized with 
accepts even smallest diameter wires because _ Fillerarc wire drive—making pos- 
it feeds wire by pulling - prevents kinking. sible a wide range of applications. 


Wing WIRE -FEED ROLLS 


G-E SELF-REGULATING GENERATOR 
is the only power source specially de- 
signed for this process. Insures proper 
current for any wire speed. 


G-E high-speed Fillerarc process 
solves mild-steel problem at Lukenweld; 
holds correct arc length automatically, 

to eliminate burn-back and stubbing 


Fillerarc is General Electric’s equipment 
for consumable-electrode, gas-shielded weld- 
ing. It is semi-automatic and includes a 
self-regulating generator, a hand gun, and 
a wire-drive unit which delivers wire-feed 
speeds up to 1000 inches per minute. 
Fillerarc equipment has been successfully 
used on aluminum, aluminum bronze, 
stainless steel, copper, magnesium, tita- 
nium, nickel—and recently——mild steel. 


LUKENWELD DIVISION of Lukens Steel, 
Coatesville, Pa., recently began using 
Fillerarc equipment to weld mild-steel 
compressor cases. According to John L. 
Lang, Welding Engineer for Lukenweld, 
Fillerarc equipment was chosen over the 
submerged melt process for two main 
reasons: easy control of the arc and the 
absence of flux. (Flux can be damaging to 
compressor components.) Welds were of 
sound quality, without undercutting. Com- 
pressor cases passed 150-lb pressure tests 
and snifter tests. 


REDUCED BURN-BACK and stubbing are 
natural benefits of the Fillerarc genera- 


ind 


tor... proved at Lukenweld: 

Lukenweld——to meet special production 
requirements—fixed the Fillerarc hand gun 
in a mount over a revolving positioner. 
This positioner held the compressor case. 
Now, since the gun was fixed, arc length 
had to remain constant. Otherwise, sudden 
shortening of the arc could cause stubbing 

or a sudden lengthening could cause 
burn-back to the gun. In either case, time 
would be lost and the weld damaged. 

The Fillerarc generator automatically 
held the desired arc length -regardless of 
adjustments in wire-feed speed. Burn-back 
and stubbing were avoided. 


THIS IS PROOF that an operator handling 
the gun manually doesn’t have to manipu- 
late it to compensate for arc length or go 
back to the generator to readjust arc 
length. He merely sets the voltage and 
wire-feed speed, and aims the gun. The 
Fillerarc generator does the rest. 

For details on the versatility of G-E 
Fillerarc equipment, see the story below. 
General Electric Co., Schenectady, N. Y. 


FOR FREE BULLETIN—SEND COUPON ON NEXT PAGE 


AMPERES ——> 
WIRE SPEEOD—}> 


RISING VOLT-AMP CURVE of the exclusiveG-E REMOTE CONTROL of wire-feed 
Fillerarc generator matches arc curves . . . does speec permits the operator to con- 
not get into burn-back and stubbing areas. trol burn-off rate and current with- 
Resulting high weld quality is uniform. 


GENERAL ELECTRIC 


out returning to the generator. 
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Consider the payoff qualities you 
want in an electrode as representing 
the three sides of a triangle: speed, 
ease-of-use, and x-ray quality. Fre- 
quently, an electrode which is fast 
and easy to use does not deliver the 
highest quality -and vice versa. So, 
the triangle has unequal sides. 

Now, with General Electric’s new 
Strikeasy LH-1 electrode, you get 
the closest approach yet to the per- 
fect triangle, the perfect electrode. 
You get the quality you expect from 
low-hydrogen electrodes plus the 
speed and ease of use that have 
given powdered-metal electrodes 
wide acclaim. 


And Strikeasy LH-1 electrode 


speeds deposition rates up to 61% 
over conventional E-6016 electrodes 
-by actual test. 


For more information on G-E 
Strikeasy LH-1 electrode, send the 
coupon shown below. 


Your G-E welding distributor 
is located near you for fast local 
service. Ask him about G-E Fil- 
lerarc equipment and Strikeasy 
LH-1 electrode. His name is listed 
in the yellow pages of your 
phone book under “Welding 
Equipment, General Electric.’ 


Progress /s Our Most Important Product 


GENERAL ELECTRIC 


Section 8710-21, General Electric Co., Schenectady, N. Y. | 


Please send me the bulletins checked below: 


C) GEA-6028 and GER-903  Fillerarc Equipment 
G@ED-2483 ond GEC-1231 Strikeasy Electrode 


NAME 


X-RAY QUALITY is inherent to the low- 
hydrogen coating. Bad spots in base 
metal are absent from the weld. 
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(Hig electrodes used in test) 


HIGH SPEED of Strikeasy LH-1 is due 
to metal powder. (Optimum current, 
ac:Strikeasy, 300 amp; E-6016, 225 amp.) 


DRAG TECHNIQUE natural to powdered- 
metal electrodes speeds deposition, 
training. Slag is almost self-removing. 


4 4 

G-E STRIKEASY 6.56 

“i Per Hr 
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Midwest Welding Conference 


Some of the most urgent welding re- 
search problems existing today will be 
pointed up February 8th and 9th at the 
first annual Midwest Welding Con- 
ference at Armour Research Foundation 
of Illinois Institute of Technology, Chi- 
cago. 

Discussing the problems will be Wil- 
liam Spraragen, Director of the Welding 
Research Council, who will be one of the 
dozen welding researchers and users of 
welding processes speaking at the con- 
ference 

Among the other speakers at the con- 
ference, being sponsored by the Founda- 
tion and the Chicago Section of the 
American WELDING will be 
i. C, Osborne, Quality Control Manager 
at Caterpillar Tractor Co., who will dis- 
cuss “Applying Quality Control Welding 
in the Heavy Equipment Field’; 
Theodore Gaynor, Supervisor of the in- 
side shops for Bethlehem Steel Co., 
“How Welding Siashes Steel Mill Main- 
tenance” and Perry C. Arnold, Welding 
Engineer at the Chicago Bridge and 
Iron Co., “Building and Equipping a 
Welding Research Laboratory.” 

Orville T. Barnett, supervisor of 
Foundation welding research, is in charge 
of arrangements and expects more than 
250 persons interested in the various 
phases of welding to attend the confer- 
ence. Sessions will be held in the 
Chemistry Building Auditorium, 3255 
S. Dearborn St., on the Illinois Tech. 
campus. 


Orville T. Barnett 
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The conference has been designed to 
be of value to researchers as well as 
users of welding processes, Mr, Barnett 
emphasized. Most of the program will 
be devoted to reports on actua] indus- 
trial applications of welding processes 
by persons who have shown ingenuity in 
their use, he explained, but pointed out 
that some of the talks will concern latest 
research findings in welding. 


Welding Library 


A complete collection of books and 
articles on the various phases of welding 
has been presented to Armour Research 
Foundation of Illinois Institute of 
Technology, Chicago. 

The collection, which includes basic 
information on welding processes and 
design, is the gift of The James F. 
Lincoln Are Welding Foundation, Cleve- 
land, Ohio. 


Hobart Distributor 


Goss Brothers Welding Supply have 
just recently taken on the Sales and 
Servicing of Hobart Are Welding 
Equipment, Electrodes and Supplies in 
the Falls Creek, Pa., area. William 
T. Goss, Jr., is in charge of the sales 
distribution for the Hobart Brothers 
Co., Troy, Ohio. 


Undergraduate 
Award Program 


The James F. Lincoln Are Welding 
Foundation has announced the eighth 
annual competition of its engineering 
undergraduate design program for the 
1954-55 school year, The program 
offers 46 awards for papers, of no more 
than 20 pages in length, presenting the 
welded design of a machine, machine 
part, structure or structural part, The 
top award is $1250, 

All engineering undergraduates are 
eligible to compete for the cash awards 
and the national recognition which ac- 
companies the awards, Competition 
is for undergraduates only and has been 
arranged so that frequently entries can 
be prepared from work that has been 
done for normal undergraduate study. 
It is a competition for mechanical or 
structural designs, separate awards being 
offered in each division, Because it is a 
design program, familiarity with the 
actual mechanics of the are-welding 
process are not a prerequisite for partic- 
ipating, 

No special conditions, forms or fees 
are needed to enter, A “Rules and 
Conditions” booklet, illustrated with 
previous award designs, is available 
from The James F. Lincoln Are Welding 


Foundation, Cleveland 17, Ohio, 


A-Sub Plumbing, 
A Stockroom Error 


The failure of a 1'/,-in. steam line on 
the $55 million nuclear powered sub- 
marine Nautilus has regenerated argu- 
ments on the relative merits of welded 
and seamless tubing. Initial press 
reports flatly attributed the failure to 
welded pipe, and reported that the en- 
tire steam system of the submarine was 
to be torn out and replaced with seam- 
less tubing. While the failure did 
oecur in a welded steam line, investiga- 
tion showed that the shipbuilder’s 
stockroom had accidentally substituted 
nonpressure pipe in place of the speci- 
fied high-temperature pressure grade. 
Thus, the implication that welded pipe 
was at fault is actually an unjust over- 
simplification of the accident. 

By error, nonpressure steel pipe made 
to ASTM specification A53 was pulled 
from stock instead of A106, a higher 
grade carbon steel pipe designed for 
high-temperature service. pipe 


News of the Industry 


can be either welded or seamless, 
whereas Spec A106 covers only seamless 
pipe, Both welded and seamless pipe 
of the A53 grade were used in the Nau- 
tilus installation, but the fact that the 
failure occurred in a welded pipe led to 
the incorrect unplication in press re- 
ports that welded pipe is not suitable 
for pressure use, Actually, as experts 
in the field of pressure piping point out, 
welded pipe of the proper quality and 
made to correct ASTM specifications is 
more than adequate for service more 
severe than the Nautilus installation. 
For example, carbon steel welded piping 
made to ASTM Spec. A155 handles 
temperatures as high as 850° F at pres- 
sures of the order of 750 psi. The 
Vautilus piping was a secondary steam 
line (not part of the nuclear power 
plant) with considerably lower pressure 
and temperature, The shipbuilder is 
replacing the pipe in the Nautilus at his 
own cost 

From News Digest Section, Ma- 
terials and Methods, December 1954, 
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Foundry reports 25% 
reduction in casting 
cleaning time with 


ARCAIR TORCH 


LARK Equipment Company of 

Buchanan, Michigan, manufac- 
turers of material handling equip- 
ment, have set up a new stage in 
their production line operation to 
speed the cleaning of rough castings 
after they leave he foundry, before 
machining. 
Axle housings are sent to the clean- 
ing department where defects and 
excess metal are removed, using an 
Arcair gouging and cutting torch. 
Cleaning time has been cut 25% 
over older methods, Clark reports, 
with most of the former grindin 
and finishing operations eliminated! 
The use of the Arcair torch also re- 
sults in a neater finished job. 


Older methods of cleaning castings 
using ordinary cutting torches or 
carbon arc without air, have been 
discontinued in favor of the time- 
saving Arcair method. The opera- 
tion of the Arcair torch is based 
upon the melting action of an elec- 
tric arc, combined with a jet of 
compressed air constantly directed 
at the point of arc. Slag and molten 
metal are blown away before they 
can harden, leaving a clean, even 
groove or cut. The operator has 
complete control over the gouging 
action to such an extent that little 
or no grinding is required to finish 
up the cleaning or cutting job. 
Clark Equipment Company is one of 
a great variety of industries through- 
out the world, that have found the 
Arcair method solves their metal re- 
moving problems faster and 
cheaper, besides giving a better 
finished job. Ask your welding 
supply dealer for a free demonstra- 
tion in your plant. 


Write TODAY for free bulletin 
showing facts and figures of money- 


ARCAIR COMPANY 
431" South Mt. 


Renner Open House 


On November 5th Open House was 
held at the new quarter-million dollar 
plant of Renner Manufacturing Co. in 
Milwaukee, Over 200 guests inspected 
the new shops and equipment, as well 
as a variety of steel weldments, The 
new building measures 102 x 242 ft, plus 
administration offices, and contains 
30,000 ft of floor space. Adjacent lines 
from the North Western Railroad and a 
main highway provide convenient ship- 
ping facilities. 


Marquette Distributor 


H. R. Toll Co., of Minneapolis, has 
been appointed industrial distributor of 
welding equipment for the Marquette 
Manufacturing Co., Inc., Morgan H. 
Potter, Marquette’s sales manager, 
announced recently. In addition to 
distributing welding equipment, the 
Toll Co. will distribute Marquette’s 
complete line of electrodes, welding 
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FOR QUALITY WELDMENTS 


LINCOLN HIGHWAY AT ALLOY STREET + 


accessories and supplies to the Metro- 
politan Twin Cities Area. 


Williams Open House 


On Jan. 19, 20 and 21, 1955, Williams 
and Company, Inc., will hold an Open 
House and Welding Show in their big 
new warehouse at 946 Kane Street, 
Toledo, Ohio. Thirty to thirty-five 
companies will have individual booths, 
staffed by specialists prepared to discuss 
and demonstrate the latest develop- 
ments in products and techniques. 

Films illustrating the use of welding 
and brazing in industry will be shown 
at scheduled intervals. 

Materials will include aluminum, 
brass, copper, cast iron, steel, stainless 
steel, Monel, Inconel and clad stee! 

The Open House will continue deily . 
Wednesday through Friday from 1:00 
to 9:00 P.M, 


VISIT THE 


MUNICIPAL AUD. 
Kansas City, June 8-10 


QUALITY CONTROLLED 
STAINLESS STEEL 


WELDING WIRE 


> available in Spools, Coils 
and Lengths 


> for Automatic and Semi-Automatic 
gas and inert arc welding ° 


Welding wire by Drawalloy is made to an 
exacting high standard ...a high stand- 
ard established by long-experienced weld- 
ing men who know welding wire and how . 
it must work. Set-ups for automatic and 
semi-automatic welding take more time 
than regular welding. That’s why you 
want to be sure of satisfaction before you 
start. This reliable wire is weld-tested to 
give the best results every time. Write 
today for complete information and prices. 


WELDING SUPPLY DISTRIBUTORS: Get promp! delivery 
on all sizes and grades of stainless and too! stee! 
wire for gas and inert arc welding. 


earion 
YORK 13, PENNSYLVANIA 
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Drastically simplified NEMA 3B weld and 
sequence timing circuit requires only tubes 

a plus valve relay and firing relay. Extreme con- ee 

+ sistency and timing accuracy are maint 

All tube circuits are “fail-safe.” Firing of powet 

tubes is synchronized to minimize transients q % 

ease stress OF welding transformer. 

5B timer 


eable NEMA 3B an 
kly detached from door. Plug- 


er pack in cabinet permit 
size, this new controller (18” 
x 18’ x 37") requires little more space for- 


Side-of machine merly needed for the ignitron contactor alone. 


mounting 
Wall or catwalk 
mounting for 
gun welding applications 


| 


Interchang 
panels are quic 
connectors to pow 
easy replacement. 

Much smaller in 


Wall or Machine Mounting without Extra Work 
e Enclosure design permits wall or side-of-machine 
mounting with the same contro i t the 
additional trouble of relocating adjuster di 
bly. Installation is made easier by generous wiring 
space below contactor, and vertical wiring channel 
extending the full height of the cabinet. All compo- 


nents are arranged for maximum accessibility. 


Write for Bulletin 9992 on Electronic 

Non- Synchronous Welder Control and its application to 

and projection welders. Address Square D Company, 
4041 N. Richards Street, Milwaukee 12, Wisconsin. 
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Williams Promoted by Airco 


Air Reduction Sales Co, has an- 
nounced that D. J, Williams, Manager of 
the western region of Railroad Sales, 
has been appointed Manager of the 
Railroad Department, effective Nov. 1, 
1954. His office will continue to be at 
332 8. Michigan Ave., Chicago, Ill. 


Mr, Willams started with Air Re- 
duction in 1917 on the Pacifie Coast 
where he progressed through the manu- 
facturing and sales departments to the 


post of Pacific Coast Manager, In 
1934 he was appointed Western Man- 
ager of Railroad Sales. 

He was granted a leave of absence to 
serve in the United States Navy, Pro- 
curement Section, from 1942 to 1945. 
Following this tour of duty, he rejoined 
the Railroad Department in Chicago 
where he has served as Western Man- 


ager, 


Hart Joins Heil Co. 


Chauncy Hart has joined the Heil 
Co. a8 manager of the Welding Engi- 
neering Research Division according to 
L. W. Conrad, Works Manager of the 
company. Mr, Hart is a member of 
the AMericaANn WELDING Socirry, 


Peacor Appointed Manager 


Harry G, Peacor, Portland, Ore., has 
been appointed Regional Manager for 
All-State Welding Alloys Co., Inc., to 
cover all the states of Oregon, Washing- 
ton, Idaho, Wyoming and Montana, 
northern California, and western Can- 
ada, Announcement of his appoint- 
ment was made by T. D. Nast, president 
at the company’s offices, White Plains, 


N.Y. 


Nowak Joins Marquette 


Frank A. Nowak has been named to 
the sales engineering staff of Marquette 
Manufacturing Co. of Minneapolis, 
according to Morgan H. Potter, Sales 
Mapager. 

Nowak, who has specialized in the 
application of welding to product 
design, has served as a welding engineer 
with International Harvester Co.'s 
Milwaukee Works, Machinery and 
Welder Corp. of Milwaukee and with 
the Aero Division of Minneapolis 
Honeywell Co. 

He will headquarter in Marquette’s 
home office in Minneapolis, servicing 
industry problems throughout the upper 
midwest. 


OBITUARY 


Fred H. Johnson 


Fred H. Johnson, President of Pro- 
gressive Welder Sales Co. and Pro- 
gressive Welder Co., died suddenly at 
his home November 2nd at the age of 
58. 

Mr. Johnson was born on Funen 
Island, off the coast of Denmark, May 
3, 1896. He came to the United States 
at the age of 16 to work as a machinist 
and later as a tool maker. 

He was widely known throughout 
industry as the inventor of the auto- 
matic, multiple-point welding machine. 
In 1935 he founded the Progressive 
Welder Co. where he pioneered the 
development of portable hydraulic 
welding guns for use in conjunction with 
the air-hydraulic booster. 

Mr. Johnson’s life was dedicated to 
the constant search for and perfection 
of faster and better methods of welding 
sheet metal assemblies. 

At the time of his death, Mr. Johnson 
was, in addition to being President of 
the Progressive Welder Co. and the 
Progressive Welder Sales Co., also 
President of Progressive Welder Canada 
Ltd.; and Vice-President of the Hydro 
Manufacturing Co. 

An outstanding humanitarian, Mr. 
Johnson and the late General W. 8. 
Knudsen formed the relief organization 
known as the “Save the Children 
Federation” in Rebild, Denmark. 

For the outstanding work of this or- 
ganization in helping the needy children 
of his native country, Mr. Johnson was 


Personnel 


knighted by King Frederick [LX of 
Denmark in 1950 and decorated with 
the Medal of Freedom, the Danish Red 
Cross Medal and the Medal of Merit 
from the International “Save the Chil- 
dren Federation.” 

His other humanitarian works in- 
cluded service as a life trustee of the 


American Scandinavian Foundation and 
as President of Charitable Relief, Inc. 

A great sportsman and outdoor 
lover, Mr. Johnson was a member of the 
Detroit Athletic Club and the Detroit 
Yacht Club. He was also a member of 
the WELDING Sociery. 
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Low-Alloy Steels 


Bulletin A-61, 16 pp. Describes a 
group of these steels, their characteris- 
ties, their corrosion resistance, how 
they are formed and worked and the de- 
sign factors involved in their use. Ap- 
plications in many fields are given. 
Economics of application are explained 
Free copies available from Interna- 
tional Nickel Co., 67 Wall St... New 
York 5, N. Y. 


Weld-lt 


The latest issue (No. 5410) of “Weld- 
It,” the resistance welding news pam- 
phlet published by the Taylor-Winfield 
Corp., Warren, Ohio, is now available. 
Copies may be had by writing to the 
company. 


Fluxless Soldering 


Aeroprojects, Inc., announces the 
availability of a new 16-page, enlarged 
Sonobond brochure, which covers many 
new applications of ultrasonic fluxless 
soldering and metal coating. Also 
included in the brochure are pictures and 
a description of several models of Sono- 
bond equipment. This brochure may 
be had free of charge by writing to 
Aeroprojects, Inc., 310 KE. Rosedale 
Ave., West Chester, Pa. 


Clad Steels Fabrication 


Combining the experience of scores 
of fabricators of clad steel equipment 
with research and development work 
of the Lukens Steel Co., a completely 
revised edition of the Lukens fabrication 
manual for clad steels is now available. 

The new fabrication manual gives full 
coverage to the manufacture of clad 
steels and the physical and chemical 
properties of each one. In addition, 
it contains detailed sections on flame 
cutting, forming, welding and finishing. 
Tabulated data include types, plate 
sizes, weights, shearing tolerances and 
other specifications for the entire 
Lukens line of clad materials. 

The 72-page, illustrated manual is 
being offered by the Lukens Steel Co., 
Coatesville, Pa., at a nominal charge of 
three dollars. 
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Spot and Projection Welders 


Sciaky Bros., Inc., 4915 W. 67th St., 
Chicago, Ill, have recently released 
Bulletin 325-1, SPT 1 and EPT | 
covering all phases of the new, standard, 
commercial SPT 1 and EPT 1 series, 
air-operated, press-type, patented three- 
phase, spot and projection welders 
Also included in this bulletin is the 
EKSPT 1 Combination Projection-Spot 
Welder. 

For more complete information write 
to Sciaky Bros. for Bulletin 325-1. 


Hard-Facing Alloys 


A new 8'/,x 11 engineering data sheet 
describing special properties of Col- 
monoy hard-facing alloys is now avail 
able from Wall Colmonoy Corp., 19345 
John R St., Detroit 3, Mich, 

Data Sheet No. 1A presents a chart 
containing the red hardness curves of 
Colmonoy alloy Nos. 6, 5 and 4. The 
curves trace the approximate hardness of 
these nickel-base chrome-nickel-boron 
alloys at temperatures up to 1500° F., 

Also presented in the new data sheet 
are two tables for use in estimating 
hard-facing alloy material requirements 


Engineering Designs 


Four unique manufacturing processes 
hitherto largely restricted to military 
goods manufacture now are revealed in 
detail by the A. O. Smith Corp. in a 
recently issued 26-page brochure 

The book, entitled Engineering De- 
signs for Optimum Structures, was pro- 
duced by the Aeronautical Division of 
the corporation and copies can be ob- 
tained by writing to F. A, Gruetjen, 
Director of Aeronautical Development, 
A. O. Smith Corp., Milwaukee 1, Wis. 

The processes center around unique 
methods of precision forging and form- 
ing, contour rolling, flash and fusion 
welding, and the proved “build-up” 
concept of assembling complete struc- 
tures from accurately fabricated sub- 
assemblies 

The new A, O. Smith brochure tells a 
story particularly vital to the aircraft 
manufacturing industry, but these proc- 
esses can be of value to any industry 
which needs to make the fullest possible 
use of all the metal of every component, 
carrying no penalty of weight or space. 


Vew Literature 


Electrodes and Rods 


Now available from Metal & Thermit 
Corp. is a complete new set of literature 
designed to be of help to welding en- 
gineers and others concerned with pro- 
duction and maintenance welding, 

This new series of catalogs deseribes 
the entire line of Murex electrodes for 
are welding as well as rods and wire for 
gas, submerged are and inert are. 
Specific catalogs cover electrodes for 
mild steel and low alloys, coil wire for 
submerged are welding, stainless steel 
electrodes and bare wire, aluminum and 
phosphor bronze electrodes and bare 
wire, aluminum electrodes and bare 
wire, electrodes for cast iron, gas welding 
rods and tungsten rods 

Full information including physical 
properties, chemical analyses, qualifica- 
tions, procedures, sizes and general en- 
gineering data. are contained in each 
catalog 

Write Metal & Thermit Corp,, 100 E. 
{2nd St., New York 17, N. Y. 


Pyrometry 


Tempil® Corp. is offering reprints of 
the article, “Notes on Pyrometry,” 
by Dr. G. M. Wolten, Director of Re- 
search and Development, Some of the 
topics covered are 

1. Factors affecting the accuracy of 
thermocouples 

2. Contact pyrometers, 

3. Effects of heat input and heat 
loss on temperature equilibrium in a 
furnace. 

$, Partial and total radiation pyrom- 
eters 

5. Surface-temperature signals of a 
chemical nature 

Copies of “Notes on Pyrometry” 
may be had by writing to Tempil® 
Corp., 132 W, 42nd St., New York 11, 


Abrasive Wheels 


A 40-page, well-illustrated, pocket- 
size book, entitled Why Abrasive Wheels 
Fail—Sometimes, is written in simple, 
easy to understand form, on a subject 
about which very little information is 
available. It explains why abrasive 
wheels fail “sometimes” and how to 
prevent this failure. Also how abrasive 
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FOR FINEST 
QUALITY WELDS 


Submerged Arc Welding 


of Stainless with new Arcosite Flux 


Now, for the first time, you can apply the economy of submerged 
arc welding to stainless steels. No longer need you worry about 
cracking, or poor transfer of the essential stainless elements. 
The combination of new ARCOSITE FLUX and new ARCOS 
CHROMAR (Stainless Steel) WIRE provides a balanced analysis 
for sound, dependable welds on every job. It’s another example 
of how Arcos experience with coated electrodes and weld metal- 
lurgy is being translated into tangible benefits for you. 

Write today for the Arcosite Flux Bulletin and see how you 
may profit from these two new Arcos products. Arcos Corpora- 
tion, 1500 South SOth Street, Philadelphia 43, Pennsylvania. 


WELD WITH 


STAINLESS WIRE AND ARCOSITE FLUX 


New Literature 


wheels cut to give the quality cuts pro- 
duced. 

For users or potential users of abra- 
sive cutting equipment it would be a 
valuable reference book. 

Free if request is made on company 
letterhead, otherwise 50c per copy. 
Write to Wallace Tube Co., 1304 Di- 
versey Parkway, Chicago 14, III. 


Low-Hydrogen Electrode 


Through its exhibit facilities at the 
National Metal Exposition, Alloy Kods 
Co. unveiled for the first public dem- 
onstration a new low-hydrogen elec- 
trode. This new electrode is being 
marketed under the trade name of 
Atom-Are and is available in the 
strength levels and chemistry of the 
7016, 8016, 9016, 10016 and 12016 
AWS grades. 

According to its manufacturer, 
Atom Are is unique in that, for the 
first time, iron powder has been incor- 
porated into the coating of a low-hydro- 
gen electrode . . . making possible the 
use of higher welding currents with 
either ac or de. These higher currents 
increase the number of pounds of weld 
metal deposited per hour. Deposition 
efficiency is greatly increased since the 
iron powder contained in the coating 
serves as an additional source of weld 
metal. 

On either d-c reverse polarity or ac, 
Atom Are electrodes will supposedly 
work with equal deposition efficiency. 
Also, they are reported as having a 
smooth, spray type metal transfer, low 
spatter, easy and complete slag removal. 

For literature giving further informa- 
tion on this product, write Alloy Rods 
Co., Lincoln Highway West, York, Pa. 


Design for Welding 


“Practical Design For Welding’ is 
the title of a reprint of a series of three 
articles presenting principles for the 
practical designer to use in designing 
welded steel machine parts and mach- 
inery. The articles are adapted in part 
from Lincoln Electric’s ‘“‘WelDesign’”’ 
course. The practical information covers 
factors that determine costs, how a weld 
may be calculated to meet stipulated 
load requirements, how to eliminate 
guesswork from design computations, 
how to use steel to best advantages in 
comparison with cast iron and how to 
control distortion. A typical problem 
is worked out. The articles were writ- 
ten by Rex Cleveland, Design Engineer, 
Minneapolis Moline Co., Louisville, Ky. 
Reprints are available free on request 
from the Lincoln Electric Co., Cleveland 
17, Ohio, 
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Weldment Design 
New 4-page, 2-color, ‘illustrated bro- FINEST 

chure presents several examples of how : 

industry is better served by using weld- WELDS 


ments, The pictures shown illustrate 
how various weldment problems up to 
25 tons are successfully solved by pro- 
per techniques employed by engineers 
and craftsmen. For your copy write to 
H. F. Butler, Inc., P. O. Box 121-240, 
Union, N. J. 


Tool Room Wheels 


The Carborundum Co. of Niagara 
Falls, N. Y., has published a brochure 
entitled “V40 for Tool Room Grinding” 
which describes a complete new line of 


tool room wheels and lists hints for con- 
servation of tools. Included in the bro- 
chure is a handy tool room chart which 
spells out recommendations for grinding 
highspeed tool and die steels 
The brochure is available by writing 
directly to the manufacturer at the 
above address. 
Nickel Electrode Specifications a 
Here, for the first time, are standard 4 
requirements for nickel and _nickel- 
base alloy-covered welding electrodes. 
These new Specifications, issued jointly 
by the AWS and the ASTM (AWS se (\ ee 
Designation A5.11; ASTM Designation be. 
B295), cover electrodes for welding The problem is STRENGTH... - 
nickel and nickel-base alloys individu- 
ally to themselves and also for welding and the WELDS must not fail 
these materials to steel. Also included | 
are filler metals for welding the clad | ‘ 
side of nickel-base alloy clad steels A Hortonsphere* is the practical answer to the problems presented by Ve 
Twelve classifications of filler metal the tensile stress inherent in the storage of gases under high pressure. oe 
by these Its spherical shape assures uniformity of stress—but because all stresses 
terials. This soethmgyae fn pres are in tension—the tensile strength of the weld must match that of the Beet 
nickel, Monel, K Monel. Inconel. high-tensile, low-alloy-steel base metal. ee 
Inconel X, as well as various Hastelloy All-welded field fabrication is easy and economical on applications : 
alloys. like these with ARCOS Low Hydrogen Electrodes. Welds are uniform 
A table gives the chemical analysis of whether performed down-hand, vertical or overhead. Economy is assured : 
; the different classifications. Standard ‘ 
because one electrode that is ‘just right’’ for the job can be used for 3 
- mente and standard teste for verifying all-position welding. What's more, no preheat is needed to prevent 
conformity of a given filler metal to the underbead cracking. : 
standard requirements are also provided. When you have a field welding application, or a shop welding problem i 
An Appendix is included as an aid to on high-tensile steels, weld with ARCOS Low Hydrogen Electrodes for . 
. users in selecting the most suitable ad Id lit ti d . he tats 
filler metal for their needs. It contains | assured weld quality . . . ime and money savings on the job. 
information on the use of each classi- *t.m reg. Chicago Bridge & Iron Co f 


fication for joining different base metals 


with the shielded-metal-are welding WELD WITH 


process. 


Copies of the Specifications can be ‘ 
obtained at 25 cents each from the “ 
American WeLpING Society, 33 W. 
39th St., New York 18, N. Y., or the a ‘i 


American Society for Testing Materials, 


1916 Race St., Philadelphia. 3, Pa. LOW HYDROGEN ELEC TRODES 
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CHECK THESE EXCLUSIVE 
ADVANTAGES of the NEW 


Wonder Why You're 
Not Using them Now! 


®@ Spring completely enclosed and insu- 
lated. Cannot be knocked or shorted out. 


? — adjustment screw for ease of re- 
acement and adjustment to rod size. 


© Handle cannot absorb moisture-with- 
stands higher temperatures. 


©@ Tip Insulator reversible for longer serv- 
ice life. 


© Low Trigger for ease of rod-relief-cuts 
down operator fatigue. 


@ Slender rod gripping tonges to get in 
tight places. 


Sold only through Welding Supply Distributors in 
the U. 5. and Canada. 


WAGNER 
CO, 


350 W. tet SOUTH 
JACKSON, MissouRt 


REVIEWS 


OF NEW BOOKS 


Bonding of Metals 


Apuesive Bonpinc or Merats, by 
George Epstein, Research Engineer, 
North American Aviation, Inc. Price, 
$2.95. 218 pp., illustrated. Published 
by Reinhold Publishing Corp., 430 Park 
Ave., New York 22, N. Y. 

It is the purpose of this book to give 
sufficient details so that an engineer or 
technician faced with the problem of 
joining two materials will be able to de- 
termine if an adhesive-bonded joint 
would be advantageous, what type of 
adhesive to select, how to employ the 
adhesive and how to design the joint for 
optimum performance. In particular, 
adhesives are considered which are most 
generally employed with metals. 

In order to familiarize the reader with 
the physical and chemical properties of 
adhesives, a fairly comprehensive dis- 
cussion is given of the chemistry and 
formulation of adhesives, especially in 
relation to the properties of the cured 
adhesive bonds. A rather extensive 
treatment also is presented of the vari- 
ous factors affecting the strength of ad- 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND = >> 


FOR WELDING AND 
CUTTING... 


IN THE 
RED DRUM 


HIGHEST 
QUALITY 


DUST-FREE 


Write for the name and address 


of the NATIONAL CARBIDE supplier nearest you. 

National Carbide Company 
GENERAL OFFICES: 60 EAST 42ND STREET, NEW YORK 17, N. Y. 

A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 
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hesive bonds, including the concept of 
joint factor and its use. Sandwich con- 
struction is considered in some detail, 
especially with reference to the roles 
played by adhesives. 


Welding for Engineers 


Wetpoine ror Enoineers, by Harry 
Udin, Massachusetts Institute of Tech- 
nology, Edward R. Funk, Goodyear 
Aireraft Co., and John Wulff, Massa- 
chusetts Institute of Technology. Price, 

7.50. 450 pp., illustrated. Published 
by John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. 

Treating welding engineering as a 
field in itself, this book presents a dis- 
cussion of the fundamental principles 
and theory underlying the art of weld- 
ing. 

The principles used, in common with 
other engineering disciplines, come from 
the fields of physies, chemistry, mathe- 
matics, metallurgy, and mechanical! en- 
gineering.’ The treatment of each unit 
process is presented as soon as possible 
after its basic principles have been de- 
veloped. As new elements are absorbed 
by the reader, more complicated proc- 
esses are used for illustration. Discus- 
sion includes the joining of metals by 
brazing; gas, atomic hydrogen, and re- 
sistance welding; stress concentration 
and relief; inspection and testing; and 
design of metallurgical aspects. When- 
ever possible, an analytical approach is 
taken. 

Contents: The Welding Processes. 
Cold Welding. Hot Pressure Welding. 
Resistance Welding. Metallurgical Re- 
actions in Resistance Welding. Heat 
and Temperature During Fusion Weld- 
ing. Permanent-Electrode Arc-Welding 
Processes. Consumable-Electrode Proc- 
esses. Welding with Chemical Heat 
Sources. Metallurgy of Fusion Weld- 
ing. Transformations. Weldability. 
Braze Welding. Metallurgy and Me- 
chanics of Brazing. Thermodynamics 
and Hydromechanies of Brazing. Me- 
chanical Effect Encountered in Weld- 
ing. Principles of Weld Inspection and 
Testing. 


Nickel in Iron and Steel 


The second publication in the Alloys 
of Iron Research New Monograph 
Series, Nickel in Iron and Steel, by A. 
M. Hall, was published in October by 
John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. 

The new book reviews and correlates 
all the important published data on 
nickel as an alloying element in steel and 
east iron. 

Nickel in Iron and Steel contains 595 
pages and is priced at $10. 
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Welding Wire 


Weldrod Co., originators of the Micro- 
spooled Process, announce the intro- 
duction of their Microspooled carbon 
steel welding wire for “sigma, airco- 
matic, fillerare’’ and other inert gas- 
metal are-welding processes. Called 
“Microsteel,” this new electrode wire is 
microfinished and precision spooled to 
effect flawless welding of mild steel as 
well as affording significant economies, 
according to the manufacturer. Data 
available upon request by writing to 
Weldrod Co., Meadowbrook, Pa. 


induction Heater 


A new 5-kw induction heater—de- 
signed for brazing, soldering and labora- 
tory projects—has been announced by 
the General Electric Co.’s Industrial 
Heating Department. 

Effective also for surface hardening 
and selective annealing applications, the 
new heater can be simply adjusted to 
operate at maximum efficiency with a 
wide variety of inductor coils up to its 
full rated capacity. It operates elec- 
trically as though it were equipped with 
a continuously variable mechanical 
transmission, according to company 
engineers. 

Further information may be had by 
writing to General Electric Co., Sche- 
nectady 5, N. Y. 


Hard-Facing Electrode 


The availability of an improved 
Mir-O-Col No. 7 electrode is announced 
by its manufacturer. Designed pri- 
marily for oil field hard-facing applica- 
tions, the Mir-O-Col No. 7 electrode is 
reported to be especially suited for re- 
building equipment requiring high re- 
sistance to heavy impact, severe abra- 
sion and shock, such as tool joints, kelly 
bushings and drill collars. The elec- 
trode is also recommended where ex- 
treme corrosive conditions are encoun- 
tered. 

Application of Mir-O-Col No, 7 is by 
electric are method only. Rockwell C 
is 54 to 57 with high red hardness. 

Mir-O-Col No. 7 electrodes are avail- 
able in two sizes only, */\, and '/;, in. 
Free samples of the electrode, along with 
descriptive literature, is available by 
writing to Mir-O-Col Alloy Co., Inc., 
312 N. Avenue 21, Los Angeles, Calif. 
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Temperature Indicators 


The Tempil® Corp. has announced 
the availability of Tempilag® 463 and 
88° F. The inclusion of these new 
temperature ratings makes Tempilaq 
available from 113 to 500° F in 12'/, 
steps—and as heretofore in 50° F in- 


‘tervals from 500 to 2000° F 


Tempilaq® temperature indicating 
liquid is applied by daubing or brushing 
and will dry quickly to a dull, opaque 
film. On subsequent heating this coat- 
ing will liquefy as soon as its tempera- 
ture rating is reached. 

Tempil® Corp. is offering to send free 
'/~ou Tempilaq® samples of the new 
temperature ratings or any other rating 
that may be of interest to our readers. 

For further information write to 
Tempil® Corp., 132 W. 22nd St., New 
York 11, N.Y. 


Gas Cutting Torch 


The rated cutting range of K-G's 
APL “Aireraft’”’ Torch is to 1 in., but 
according to its manufacturer it can be 
used to cut 2'/.-in. steel. Though it 
has extra capacity, this combination 
torch is very small and light: 14 oz., 
12*/, in. as a complete cutting torch; 
6'/,02., 10'/, in, as a welding torch with 


New Products 


largest welding tip. Welding range is 
lightest gage to '/,-in. plate. 

In addition to extra capacity, other 
features are: quick changeover from 
one cutting tip to another—or from 
welding to cutting—without using a 
wrench; positive flashback resistance; 
all eritieal seating surfaces protected 
from damage, yet easily accessible for 
low cost maintenance. The APL “Air- 
craft’ Torch is available with swaged or 
separable welding tips. 

For further information, write to the 
K-G Equipment Co., Inc., 1744 Lehigh 
St., Allentown, Pa, 


Propane Gas Cutting 


The Flame Cutting Equipment Co., 
of Dania, Fla., have announced that 
they are manufacturing and marketing a 
complete new line of cutting tips, 
cutting and heating torches, heating 
heads and other flame cutting accessories 
under the trade name of “Proxy.” 

Proxy torch tips have been designed 
especially for use with propane, butane 
and natural gas. 

They are manufactured to fit all 
standard hand and machine cutting 
torches and cutting attachments, An 
illustrated catalog is available describ- 
ing their complete line of standard 
torch tips, together with special tips 
and equipment for other uses such as 
scrap cutting, rivet blowing, gouging, 
bevel cutting, brazing, searfing, powder 
cutting, ete. 

A 12-page brochure, entitled “Flame 
Cutting with Propane Using Proxy 
Torch Tips,” gives facts and figures 
concerning the savings that may be 
obtained when efficient equipment is 
used for flame cutting operations when 
propane is used as the fuel gas, Copies 
of the above described literature are 
available on request from the Flame 
Cutting Equipment Co., Box 4565, 
Dania, Fla. 


Spot and Projection Welders 


Sciaky Bros., Inc., 4915 W. 67th Bt., 
Chicago, LL, announce the new design 
of a standard, air-operated, press-type, 
Sciaky-patented three-phase SPT 2 
and EPT 2 spot and projection welders. 

Both the SPT 2 and EPT 2 machines 
are of a series of three-phase spot and 
projection welders, available in 5 
75, 100 and 150 kva at 50% duty 
cycle. The SPT 2 can be supplied 
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Is your welding problem distortion, 
embrittlement, cracking or damage to 
base metals .. . or the other dangers 
of welding with conventional high 
heat methods and materials? These 
problems have been solved! 


YOUR EUTECTIC DISTRICT ENGINEER 
CAN SHOW YOU HOW 


... the “Low Heat Input” metal join- 
ing process helps your maintenance 
man... who usually has only one 
chance to get a perfect weld to avoid 
downtime, delays and replacement... 
and who has for 15 years proved the 
value of Eutectic “Low Temperature 
Welding Alloys” for both mainte- 
nance and production. 


He can show you new savings in 
time, labor and materials for many 
reasons. In his kit he brings you 50 
pioneering years of research resulting 
in “Low Amp” EutecTrodes and 
“Low Temp” EutecRods. He brings 
you the combined “know-how” of 350 
District Engineers who exchange their 
newest answers to problems just like 
yours. 

Best of all, your Eutectic District 
Engineer brings “Low Heat Input” 
joining right to your shop. He person- 
ally shows you and your weldors the 
advantages of “Low Heat Input” 
welding enjoyed by over 87,000 
American industries. He shows... so 
you can know .. . how truly new 
methods and materials answer “old” 
welding problems. 


SEE... AND YOU'LL AGREE 


EUT ECTIC 


WELDING ALLOYS 


ARE “BETTER, FASTER, CHEAPER” 


from 18- to 48-in. throat depth with an 
electrode force of 2260 to 4000 Ib 
(80 psi) dependent on throat depth. 
The EPT 2 can be supplied from 12- to 
30-in. throat depth with an electrode 
force of 3000 to 5000 Ib-—dependent on 
throat depth. 

For complete specifications on the 
SPT 2 and EPT 2 Sciaky welders, 
write to the manufacturer for Bulletin 


318-1. 


Silver Brazing Alloy 


A new silver brazing alloy specially 
developed to overcome crevice corrosion 
problems in brazing the 400 series 
straight chromium stainless steels has 
been introduced by Handy & Harman. 
This type of corrosion problem occurs 
most frequently where the brazed 
assembly is subjected to water, steam or 
humid atmospheres. 

Known as RSNI, the new alloy con- 
tains 63.0% silver, 28.5% copper, 
6.0% tin and 2.5% nickel. It melts at 
1325°F and flows at 1475°F. Accord- 
ing to the manufacturer, this alloy 
does not flatten out at brazing tempera- 
ture to form thin fillet edges. 

It is available in wire of any standard 
gage. 

For further information ask for Tech- 
nical Bulletin T-9, Handy & Harman, 
82 Fulton St., New York 38, N. Y. 


Voltage Control 


Strong and uniform fusion welds are 
supposedly assured when an electron- 
ically controlled Heliare HWM-2 Volt- 
age Control is used with mechanized 
inert-gas-shielded arc welding. The 
HWM-2 developed and introduced by 
Linde Air Products Co., a Division of 
Union Carbide and Carbon Corp., is re- 
ported to maintain a constant are volt- 
age to insure welds of uniform penetra- 
tion and buildup. In addition, the 
HW M-2 automatically turns both torch 
cooling water and inert-shielding gas on 
at the start and off at the finish of a 
weld. 


Write today for a free “showing” of 
Eutectic’s exclusive “Low Heat input’ 
metal joining process by your District 
Engineer. . . of a free copy of the ii- 
lustrated booklet “How To Overcome 
Your Welding Problems And improve 
Your Welding Techniques” (TiS 2268). 


EUTECTIC WELDING ALLOYS CORPORATION 


172nd STREET and NORTHERN BOULEVARD, FLUSHING 58, NEW YORK 
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The HWM-2 controls are voltage by 
governing the distance of the torch 
from the work. For example, if are 
voltage begins to drop, the “electronic 
brain” of the HWM-2 causes the torch 
head to raise and compensate for the 
dropping arc voltage. If the are 
voltage starts to increase, the torch 
head automatically lowers to keep are 
voltage constant. 

Front-panel controls permit  pre- 
selecting such operating characteristics 
as arc voltage, sensitivity to are-voltage 
fluctuations and method (retract or 
high frequency) of are starting. 


General Utility Welder 


Air Reduction has just put on the 
market a new a-c arc-welding machine, 
the Airco MCM Busybee, designed for 
use in shops, garages, on ranches or 
farms and wherever a general utility 
welder is needed. Two 
available—one with and one 
power factor correction. 


models are 
without 


The Busybees comply with specifica- 
tions of the National Electrical Manu- 
facturers Assn. and meet all the re- 
quirements for operation on REA and 


rural power systems. Both machines 
carry Underwriters’ Laboratory ap- 
proval. The units operate on a 3 kva 


or larger transformer. 

With the Airco Busybees, the right 
“heat” setting can be selected by simply 
turning the current 
top of the case for exact increments 
from 20 to 180 amp. The open-circuit 
voltage is adequate for successful opera- 
tion with standard electrodes. 

The machines come equipped with a 
primary cable with three-prong plug 
and receptacle, and four casters for 
easy mobility. 

Additional information 
tained by writing Air Reduction Sales 
Co., 60 E, 42nd St., New York 17, N. Y 


control crank on 


may be ob- 
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Arc Cutting Torch 


A completely new model Areair cut- 
ting and gouging torch has been an- 
nounced by the Arcair Co., 423 8. Mt. 
Pleasant Ave., Lancaster, Ohio. 
Known as Model G-2, this new torch is 
smaller in size and especially designed 
for light work, and uses electrodes up to 
1/, in. in diameter. This new Arcai 
Torch is intended to fill the need for a 
small duty tool. This model is an ad- 
dition to, but does not replace, the 
Models G-3 and G-4 heavy-duty torches 


also manufactured by Aircair. The 


G-3 takes electrodes up to */, in. and the 
G-4 electrodes up to '/, in. 


As with all torches, this new 
light-duty 


dinary d-c welding machine and a com- 


Arcaul 
model operates from an or- 
pressed air line. It features a rotating 
nozzle that permits changing electrode 
angle to suit the job, but maintains the 
air jet in perfect alignment. Air and 
current are brought to the torch through 
permitting 
flexibility and ease of handling. 

For complete information on Model 
G-2 Torch, address inquires to Areair 
Co., 423.8. Mt. Pleasant Ave., Lancaster 
Ohio. 


a concentric cable great 


Welder-Power Plant 


Introduction of a 
welder and 
combination called the 


gas-driven a-c 

power plant 
Porto-Are has 
been announced by Marquette Manu- 
facturing Co., Inc., Minneapolis. Fea- 
turing an easy-starting Onan engine 
especially designed for this unique unit, 
it gives up to 200 amp of welding cur- 
rent at 100% duty cycle plus a power 
source of 4'/, kw at 110-220 v for opera- 
tion of heavy-duty power tools or light- 
ing circuits. 


all-purpose 


New Products 


weter heoter tanks fobricoted 
with Phos-Trede. 


Stock 
all-purpose 


AmPco 


PHOS-TRODE 


for all-position 


Mosr any welding job in your 


plane is quick and easy with Phos- a 


Trode. You get sound welds join- 
ing tin bronzes, cast iron, cast iron 
to steel, bronze to steel, copper, ei) 


malleable iron, brass, and many He 


others. You get good deposits in } 

any position —flat, vertical, or over- 

head. Low spatter-loss and high 

deposition rate give you faster, bet- t 

ter-looking welds at lower cost. | Be 
Tough jobs—like the welding of : 

the silicon-bronze home water-heater 


tanks shown. — area cinch with 
Phos-Trode. No edge preparation is rer: 
necessary. Welds are clean — free ie 
from pitting and porosity. Deposit a, 
and fusion zone racking is ended — 


repairsand rewelds are ata minimun. 

Stock Phos-Trode and lower your 
costs — with faster, better welding 
on difficult metals. Available in 6 
sizes 3/32" wo1/4", Order your sup- 
ply of Phos-Trode now, 


"Reg. Pat. Off 


Dest. 


West Coosl Plant, Burbenk, California 


: 
=A welding on 
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In addition to the improved are 
stability given by the Porto-Are’s 100- 
cycle a-c power, it delivers a 1000-w 
d-c power source, even while welding. 
According to the manufacturer, this 
low-cost and versatile unit is unusually 
economical to operate and maintain. 
The Porto-Are is offered as a welder 
only or as a welder-power plant com- 
bination, Optional equipment in- 
cludes a running gear, road trailer, 
ready-pull starter and canvas cover. 


DUAL GRIP \ 


TYPE AS” 


Quick setting double-action clamp grips work 
more securely. Holds irregular and off-parallel 
surfaces as well as flat work due to pincer action. 
Easily tightened in cramped areas. 


4 SIZES: 2'/," TO 6" OPENING 


SPATTER-PROOFED—NACO NO. 6 STEEL 
(80,000 LBS. TENSILE) 


Famous "C” Clamps 


Alloy Steel (Stronger than forged) Spatter-Proofed 

Screws, Deep Throat ~ Replaceable Swivels 

LIGHT SERVICE MEDIUM SERVICE WEAVY SERVICE 
Series Series 


ASM SERIES ASH SERIES 
7 SIZES 
18 12%" 

STOCKED end DISTRIBUTED 


sy 
NATIONAL CYLINDER 
GAS COMPANY 


Offices in Principal Cities 


followirg territories: 
ST. LOUIS, MO. 
BUFFALO, N.Y. 


sidered. 


WELDING ENGINEERS 
WANTED 


To represent Resistance Welder Corporation in the 


PHILADELPHIA, PA. Area 
Area 
Area 


Only persons interested in devoting time exclusively 
to the sale of our products and services will be con- 


Resistance Welder Corporation 


Bay City, Michigan 


Cutting Machine 


Air Reduction has introduced a new 
gas shape cutting machine, the Airco 
No. 48 Duograph. The Duograph is a 
rectilinear-type, medium area, oxy- 
acetylene shape cutting machine with 
4 torch capacity. The torches may be 
arranged in a wide variety of positions 
two torches each end of the machine, 
four torches on one end, either mounted 
transverse or parallel to the cross rails 
thereby giving this new machine com- 
plete versatility. 


The cutting range of the machine 
when equipped with one tracing table is 
48 in. wide by 51 in. long. Four 48-in. 
diam circles can be cut simultaneously 
with two torches at each end of the 
machine. Cutting length can be ex- 
tended indefinitely by the addition of 
extra tracing tables. Each additional 
table extends cutting length 80 in. 

The Duograph features sealed anti- 
friction bearings throughout which 
require no lubrication. Corrosion-re- 
sistant cadmium plating keeps tubular 
rails in top operating condition. The 
carriage wheels are mounted on sealed, 
precision ball bearings. 

Three different tracers—electronic 
(the only fully automatie tracer on the 
market that uses low-cost paper cutout 
or pen-and-ink drawing templates), 
magnetic and manual—can be used and 
are readily interchangeable on the ma- 
chine. 


If you would like more information 
about the new Airco Duograph, write 
for catalog ADC 845. Address in- 
quiries to Air Reduction Sales Co., 
60 EF. 42nd St., New York 17, N. Y. 


Services Available 


A-661. Welding Engineer; college 
graduate. Age 31. Married. Veteran. 
Nine years’ experience in all phases of 
welding. Background includes practical 
experience with ferrous and non-ferrous 
metals; knowledge of metallurgical re- 
search and development; and responsi- 
bilities involving fabrication and welding 
design of pressure vessels. 

A-662. Welding Engineer. Sixteen 
years’ experience includes submerged 
are welding of pressure vessels, setup of 
new and old plants equipment-wise to 
reduce welding costs and improve prod- 
uct appearance, inert are, manual and 
semiautomatic, determine joint processes, 
process to be used, ete. Have developed 
weld trainee programs plus consultant 
to all manufacturing departments; also 
specialist on stainless steels, Hastelloys 
and other nonferrous alloys. Able to 
deal with top level personnel. Will re- 
locate, middlewest desired. Interview 
preferred, 


Position Vacant 


V-317. Welding Production Super- 
visor. Should be experienced in the 
forming and resistance welding of the 
steel shapes. Man should be capable 
of setting up and assuming responsibility 
for entire welding operation. This is 
an outstanding opportunity with a pro- 
gressive, expanding company. Send 
complete resumé, All replies held in 
strict confidence. Our staff knows of 
this ad. 


UNITED STATES 
TESTING COMPANY, INC. 


INSPECTION and TESTING of 


QUALIFICATION of 
Procedures and Operators 


Main Laboratories . . . . . . Hoboken, N. J. 


Welding and Weldments 


New Products 
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EMPLOYMENT 

SERVICE 

BULLETIN 
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details count... 


look, here is another outstanding reason why you 
and your operator will be mighty well pleased with 
the swift, responsive action of this splendid hand 
cutting torch. Write for 40 page, four color, cutting 
torch brochure . . . it tells everything. 


please note that no packing nut clutters up this leak free, un- 
obstructed, high pressure oxygen valve. Constantly self-sealing, 
with an easily reachable and renewable seat, its large gas pas- 
sages provide maximum flow capacity to eliminate preheating 
flame surge at the critical moment of cutting. No other cutting 


torch offers you so many outstandingly desirable advantages. 


NATIONA welding equipment COMPONY... 218 tremens street san francisco 
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ANTHONY WAYNE 
Buffenbarger, William A. (B) 


ATLANTA 


Dairymple, Gordon Bennett (C) 


Fuller, Sidney Farle (C) 
ARIZONA 

Crocker, Burt (C) 
BIRMINGHAM 
Johason, Rayburn G. (C) 
Sawyer, Richard H. (C) 
BOSTON 

Gallant, Albert L, (C) 
Meseraceo, Thomas C, (C) 
Pearson, William A. (B) 
Ramsay, David A. (B) 
Ray, Creed E., Jr. (B) 
Seaman, Avery (B) 
CLEVELAND 


French, Hager H. (C) 


CHICAGO 
Bowman, H, (A) 


COLORADO 
Lindquist, Harold J. (C) 


COLUMBUS 


Poliskey, Paul B. (B) 
Stein, Ralph (C) 
Turner, Paul W. (D) 


DAYTON 
Fontana, Emmanuel J. A. (C) 


DETROIT 

Cunningham, James V, (C) 
Gurney, John H. (C) 
Krueger, A. (B) 

Lambert, Eugene B. (C) 
Larimer, James R. (C) 
Lowen, Leslie (B) 
Maguire, Patrick 
Reynolds, Richard K, (C) 
Robinson, John EF. (C) 
Wetzel, Stephen M. (B). 
Wilde, Richard A. (B) 


EASTERN ILLINOIS 
Phillips, G. Landon (B) 
FOX VALLEY 
Verkuilen, Tony (C) 
HARTFORD 
Anderson, R. W. (B) 
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Effective October 31, 


MEMBERSHIP CLASSIFICATION 
A—Sustaining Member B—Member C—Associate Member D—Student Member E—Honorary Member F—Life Member 


HOUSTON 


Kaigler, L. G. (B) 
McKelvy, B. O. (B) 
Mueller, Herbert W. (C) 
Pennybacker, Robert A. (D) 


INDIANA 

Fenrich, Karl E. (B) 
Pemberton, Donald Max (B) 
Pemberton, Paul EF. (B) 


Morey, Clint (B) 
Williams, Edward (B) 


IOWA-ILLINOIS 


Kerr, Robert Thomas (B) 
Kniskern, Ronald 8. (B) 
Lindgren, Richard P. (B) 
Miller, H. B, (B) 
Robinson, Charles G. (C) 
Warren, William W. (B) 


KANSAS CITY 


Barnes, G. L. (C) 
Burge, Boise (B) 
Clay, George H. (B) 
Cody, David J. (B) 
Conway, Hudon (C) 
Hoobler, Carl E. (C) 
Klugman, Louis (B) 
Luthy, Richard F. (B) 
Parker, J. E. (B) 
Pritchard, John F. (B) 
Setzer, James (C) 
Thelen, Floyd E. (B) 
Wolf, Albert (B) 
Young, Allen H. (B) 


LONG BEACH 


Bahr, John V., Jr. (C) 
Muhonen, Walter R. (B) 


LONG ISLAND 


Katz, Mortimer (B) 
Knowles, Harry A. (C) 
Serrago, Frank P (C) 


LOS ANGELES 


Bond, Donald J. (C) 
Coontz, Leland (B) 
Hansen, Kermit P. (B) 
Kinney, Matt A. (C) 
Miller, Haskell (C) 
Ritchie, Roy T. (B) 
Woodruff, Joe N. (C) 


MAHONING VALLEY 


Daziki, Peter P. (B) 
Price, Clifford H. (B) 


1954 


Wilson, J. H., Jr. (C) 
MARYLAND 

Grant, Samuel P, (C) 
Whitcomb, Newell E. (B) 
NEW JERSEY 

Flannery, John W. (C) 
Green, Meyrick E. (B) 
Gula, George G. (B) 

NEW YORK 

Krol, Joseph (C) 

Kurzer, Martin (C) 

NEW ORLEANS 

Drane, C. D. (C) 
NIAGARA FRONTIER 
Bell, Lawrence C, (C) 
Cramm, D. C. (B) 

Pepper, Thomas Peter (B) 
NORTH CENTRAL OHIO 
Showalter, Kenneth E. (C) 
NORTHEAST TENNESSEE 
Stepp, Robert (B) 

Stump, Charles Edward (B) 
NORTHERN NEW YORK 


Bastian, Bernard J. (D) 
Chapin, Norton A. (C) 
Hansel, Grant, Jr. (C) 


NORTHWESTERN PENN- 
SYLVANIA 


Emhardt, F. W. (A) 
Thomas, John F. (C) 


PASCAGOULA 

Ros, Vincent P. (C) 
PEORIA 

Philyaw, James V. (C) 
PHILADELPHIA 


Amling, Frank H. (B) 
Bailey, E. F. (B) 
Blankley, George W. (B) 
Herly, Paul Wilbur (B) 
Plebani, John T. (C) 
Rayner, John T. (B) 


PITTSBURGH 


Hamilton, William 8. (B) 
Mackay, Alexander (B) 
Miller, Charles R. (C) 
Richards, Wm. E. (B) 
Solimando, Michael (B) 
Thornberry, Keith FE. (C) 


New Members 


PORTLAND 

Angell, Eben L. (C) 
Liles, T. D. (B) 
Slattery, R. B. (C) 
RICHMOND 

Woodall, W. N. (C) 
ROCHESTER 

Roethel, John T. (C) 
SAGINAW VALLEY 
Hawxhurst, M. W. (C) 
Kupisch, Robert (D) 
Owens, Donald Brice (D) 
SALT LAKE CITY 
Hicks, Arthur J. (B) 
Schmidt, Richard E. (B) 
SAN FRANCISCO 
Hildabrand, T. J. (B) 
Mayr, Lambert A. (D) 
Smith, John G. (C) 
Watkins, George E. (D) 
SANGAMON VALLEY 
Costa, James (C) 
Wahlberg, G. H. (B) 
SYRACUSE 

Burth, Robert F. (C) 
TRI-CITIES 

Burgess, Charles L. (C) 
Coleman, Mills (C) 
Goode, Norman R. (C) 
TULSA 

Palen, Chester 8. (B) 
WESTERN MICHIGAN 
Campbell, Wilson E., Jr. (B) 
Balkema, R. B. (C) 
Johnson, Walter C. (B) 
Nyhuis, Kenneth (B) 
Shick, Archie (C) 
WICHITA 


Cheney, Howard L. (B) 
Clemens, Robert A. (C) 
Morsbach, Oliver (C) 


WORCESTER 
Childs, Richard L. (B) 


YORK-CENTRAL PENNSYL- 
VANIA 


Carey, Julian D., Jr. (C) 
NOT IN SECTIONS 
Atkinson, Frank J. (C) 
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THIS CUT-AWAY shows seciting rings (arrows) in 
conical seating surfaces of the REGO “GX" head. 
Made of extra tough, long-wearing Neoprene, they 
assure a perfect gas-tight coupling of tip, mixer and 
head... are easily and quickly replaceable when 
necessary. 


REGO "KXA” CUTTING 
ATTACHMENT 


Can, Doubles the usefuiness of the 


REGO “GX" Welding Torch. Couples 
to the "GX" handle with a twist of the 
wrist to make on efficient cutting torch with 
capacity to 8-inch or greater thicknesses in steel. 
Available with either 75° or 90° bronze head. 


*T. M. of the B. Co. 


New Neoprene Seating Rings 
make hand-tightened joints 


costs...lengthen torch life 


You don’t need a wrench to change tips on the new 
REGO “GX” Welding Torch. Thanks to Neoprene 
seating rings in the torch head, you get positive, 
leakproof coupling of tip, mixer and handle... with 
hand-tightening alone. 

There’s no metal-to-metal contact... no strain on 
threads . . . no chance of damage to vital seating sur- 
faces, even in dusty or sandy atmospheres. And be- 
cause the seating rings absorb all normal wear and 
abuse, today’s “GX” will last longer, torch head will 
never require costly re-seating. 

Neoprene seating rings are just one of many sound 
reasons why the REGO “GX” continues to be your 
best buy in an all-purpose welding torch. Ask to see 
it now at your nearest NCG branch or authorized 
NCG dealer. 


NATIONAL CYLINDER GAS COMPANY 


840 N. MICHIGAN AVENUE + CHICAGO 11, ILLINOIS 


Copyright 1954, National Cylinder Gas Company 


"GX | welding torch 


leakproof...reduce maintenance 
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Mandeville, J. P. (B) 
Smith, James G. (C) 
Olof, Lakander (B) 


Members Reclassified 


KANSAS CITY 
Roths, Howard (C to B) 


NEW YORK 
During the month of November Schneider, George (C to B) 


PASCAGOULA 


NORTHERN NEW YORK 
Bock, Linden F. (C to B) 


Mize, Arlin (C to B) 


WESTERN MICHIGAN 
Wagner, Paul W. (C to B) 


NOT IN SECTIONS 
MeKay, Arthur (C to B) 


Cornell, 


Trove Hotoen—George V. 

Chicago, Il. 

Cornell's patented electrode holder in- 
cludes a pair of jaws one of which is 
pivotally positioned on the other jaw for 
clamping an electrode between such jaws. 
The feature of the patent relates to the 
provision of a switch operated conductive 
block member slidably positioned in the 
electrode holder for completing a switch 
connection for supply of electrical power 
to one of the electrode holder jaws. 


2,603,555-—Meruop ano FoR 

Germanium Diopes—Harper 

Q. North and Sanford H. Barnes, Los 

Angeles, and Jack F. Roach, Van Nuys, 

Calif., assignors, by mesne assignments, 

to Hughes Aircraft Co., a corporation of 

Delaware. 

This specialized welding process relates 
to the welding of a metallic electrode to a 
germanium crystal element which has a 
first surface area to which the electrode is 
to be welded, a second surface area spaced 
from the first area and a third surface 
area between the first and second areas. 
One end of the electrode is pressed against 
the first area and the current is passed 
through the electrode and the said first 
and third areas for welding the electrode to 
the first area. 


2,604, 120-——Maaneric 
Werpina Process 
AND Apparatus-Donald M. Yenni, 


Williamaville, N. Y., assignor to Union 
Carbide and Carbon Corp., a corpora- 
tion of New York. 

This patented apparatus is for stabiliz- 
ing and orienting a metal heating are with 
respect to the work being heated and it 
comprises a split induction ring of highly 
permeable material disposed near the 
work, An are current conducting elec- 
trode projects through the interior of the 
ring with the gap in the ring being dis- 
posed laterally of the electrode so that the 
arc is stabilized and biased laterally by the 
resulting flux field. 


2,604,130-——-Arc Wine Guive— 
Posy A. Howard, Tulsa, Okla, 


Howard's patent relates to the combina- 


tion with a flux funnel of a welding wire 
guide. This wire guide includes a tubular 
casing disposed axially of the funnel with 
its upper end bent and extending through 
the wall of the funnel. Pairs of opposed 
rollers extend the length of the casing 
with the rollers of each pair being spaced 
apart to provide a passage to receive a 
flexible welding wire. Means connect the 
opposed rollers of each pair together, the 
said pairs of rollers in the casing being in- 
dependently movable therein. 


2,694,759-—CoL_p Contract—Carl 
Thumim, Yeadon, Pa., assignor to 
I-T-E Circuit Breaker Co., Philadel- 
phia, Pa., a corporation of Pennsylvania, 
This patent relates to an electric contact 
assembly including a contact tip and a cop- 
per contact arm. The contact tip has 
copper secured to one surface thereof and 
the contact arm has copper on at least one 
surface thereof, A sheet of silver is inter- 
posed between the copper surfaces of the 
contact tip and the contact arm, and the 
contact arm and silver are bonded and 
amalgamated together by mercury. 


ror ReEsisTANCE 

Ruetschi, Regenstorf, 

Switzerland, assignor to Aktiengesell- 

schaft Brown, Boveri & Cie, Baden, 

Switzerland, a joint-stock company. 

In this patent, a control device for re- 
sistance welders is provided, which control 
includes a grid-controlled electric dis- 
charge tube and switch actuating means in 
the discharge circuit of the tube for inter- 
rupting the welding current upon ignition 
of the tube. A control condenser and 
other special means are provided in the 
control circuit with such condenser being 
charged to a potential proportionate to the 
total power consumed in the weld action. 
The condenser and other means in the con- 
trol circuit ignite the electric discharge 
tube when a predetermined amount of 
power has been consumed by the weld 
junction to ignite the tube and interrupt 
the weld circuit. 


2,694,763—E.ecrric Arc We.pinc—aAl- 
bert Muller, Plainfield, N. J., assignor 
to Air Reduction Co., Inc., New York, 
N. Y., a corporation of New York. 


Current Patents 


prepared by V.L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 25, D. C. 


These patents to Albert Muller relate 
to either direct- or alternate-current elec- 
tric are welding. In the welding process, 
the end of the electrode, the are and the 
molten metal produced are shielded with 
a flowing stream of inert gas. The are 
has a metal supplied thereto from the 
group consisting of the alkali metals, the 
alkaline earth metals, lanthanum and the 
lanthanum series rare earth metals, 
actinium and the actinium series rare 
earth metals. 


2,694,851—Metuop or Torcu 

Tires— Daniel A. Marra, Cheswick, Pa. 

Marra’s patent relates to the forming 
and assembling of a blow-torch tip where- 
in a tubular body formed of a relatively 
soft metal with high thermal conductivity 
and a perforate terminal protecting shoe 
of a relatively hard, highly refractory 
sintered carbide of lower thermal con- 
ductivity are secured together. The 
tubular body and shoe are assembled upon 
a mandrel in partially telescoped relation. 
The metal of the relatively soft tubular 
body is forcibly displaced locally into a 
mechanically integrated hermetic union 
with the shoe to provide an accurately 
formed continuous passageway through- 
out the integrated torch tip structure pro- 
duced from the metal tube and carbide 
shoe. 


2,694,852— Mernop or BRAZING AND THE 
Provuct Wayne C. Rogers, 
Worcester, Mass., assignor to Riley 
Stoker Corp., Worcester, Mass., a cor- 
poration of Massachusetts. 

This method of brazing relates to se- 
curing a body of tungsten carbide to a 
body of steel. The method comprises 
feeding a screen of woven copper wire of 
circular cross section between two parallel 
rolls to reduce the thickness of the screen 
by forming a multiplicity of flat areas 
approximately elliptical in shape on its 
opposite sides and bulging the wire later- 
ally adjacent each flat area. This screen 
is placed between the bodies with a suit- 
able silver solder and suitable flux. The 
bodies are pressed together and heated 
until the silver solder melts and dis- 
tributes itself in the narrow spaces be- 
tween the flat areas and adjacent sur- 
faces of the bodies and the spaces between 
the bulged portions of the crossing wires. 
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When buying a welder, find out for 
sure how much copper is in the 
transformer coils... that’s the heart 
of a welder’s performance. 


For example, in A. O. Smith’s 400- 

. amp heavy-duty a-c welder, the coils 
contain 156 lbs. of high-quality elec- 

trical grade copper — 63 Ibs. in the 

primary coil, 93 lbs. in the secondary. 


This is far more copper than you'll 


SECONDARY 


find in any comparable welder. 


adde 


TO THE A. 0. SMITH HEAVY-DUTY 
WELDING MACHINES 


@ GENEROUS use of expensive copper, combined 
with job-proved coil design, promotes cooler opera- 
tion .. . protects against insulation breakdown... 
doubles machine life. 


PRIMARY 


@ ACTUALLY, the Heavy-Duty has a temperature 
rise of only 55° C compared to 90° C rise allowed 
by NEMA standards for glass insulated welders. 


@ DELIVERS a full 75 open circuit volts for faster, 


° smoother arc action at all current settings. Welds 
smoothly with low hydrogen electrodes . . . easy 
strike . . . no stickiness nor pop out. CF. 
4) 
Through research .a@ better way 


WELDING PRODUCTS aa 


Milwaukee 1, Wisconsin 
INTERNATIONAL DIVISION; MILWAUKEE 1 
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as reported to Catherine O'Leary 


BIG THREE 


Albuquerque, N. Mex.—-The Albu- 
querque Section held its November 
meeting at Leonard's on Friday, the 
19th. There were about twenty mem- 
bers in attendance and a motion pie- 
ture entitled “Distortion” was fur- 
nished by “Big Three," the local Lin- 
coln distributor. 


TOOL AND DIE WELDING 


Phoenix, Ariz.-Pat 5. Doyen 
of the Welding Equipment & Supply 
Co., Detroit, Mich., was the guest 
speaker at the October 20th dinner 
meeting of the Arizona Section held 
at the Silver Spur. Mr. Doyen gave 
an extemporaneous talk on the sub- 
ject “Tool and Die Welding.” 


SILVER BRAZING 
Phoenix, Ariz.-J. Ross of Handy 


and Harman was the guest speaker at 
the dinner meeting of the Arizona 
Section held on November 17th at the 
Silver Spur. Mr. Ross presented a 
nontechnical talk on “Silver Brazing 
in Industry” and showed a film on 
Silver Brazing. 


ELECTRODES 


Birmingham, A. Clemens, Jr., 
WS, of the Arcrods Corp. was the 
speaker at the November 9th dinner 
meeting of the Birmingham Section 
held at Hooper's Cafe. Mr. Clemens’ 
subject was “Mild Steel, Low-Hydro- 
gen and Low-Alloy Arc-Welding Elee- 
trodes.” : 


IRON POWDER 
ELECTRODES 


Boston, Mass.—The November 
meeting of the Boston Section was held 
in the Westinghouse Auditorium, 
Boston, Maass., on Monday, Nov. 8, 
1054. 

Over ninety members and guests 
enjoyed a social hour, followed by 
another of Dora Ferguson's excellent 
dinners, 

In addition to the Movie entitled 
“More Power to Rio,” presented 
through the courtesy of the A. O. 
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Smith Corp., Milwaukee, Wis., those 
present were treated to motion pic- 
tures taken by Harvey 38. Miller at 
the April Annual Outing of the Boston 
Section. After seeing these, some of 
the members who left the Outing early 
were rather chagrined at what they 
missed., 

The featured speaker of the evening 
was Dr, M. K. Blanchard of the Re- 
search Staff, A. O. Smith Corp., 
who gave a very interesting talk on 
the development and use of the com- 
paratively new “Iron Powder Elec- 
trodes.” His talk was well illus- 
trated with slides, and was followed by 
a brief but active question period. 


CONSUMABLE INSERTS 


Bridgeport, Conn.—-The regular 
monthly dinner meeting of the Bridge- 
port Section was held on November 
18th at Rapp’s Restaurant, Shelton, 
Conn. An excellent talk was given 


by T. A. Risch WS, of the Electric 
Boat Co., Groton, Conn., on the sub- 
ject “Consumable Insert Methods of 
Root Pass Welds.” 


DESIGN FOR WELDING 


Waukegan, Ill.—On Friday, 
November 19th, the Chicago Section 
journeyed to Waukegan, IIl., for its 
regular monthly meeting. There, 
thanks to some fine promotional work 
by Ward Wilson coupled with the ex- 
cellence of the speaker Leslie 8. 
McPhee WS, Welding Supervisor, 
Whiting Corp., who spoke on “Design 
for Welding,” a record attendance of 
187 people turned out. 

Mr. McPhee pointed out the rela- 
tionship between fabrication, design 
and management responsibilities es- 
sential to turning out economical 
weldments. 

The group met at Hank’s Supper 
Club, where an excellent dinner was 


} SECTION MEETING CALENDAR 


FEBRUARY 3rd 


NORTHERN NEW YORK Section. Schenectady, 
N. Y. “Nondestructive Tests of Weldments,” 
by C. D. Moriarity, General Electric Co. 


FEBRUARY 4th 

NORTH CENTRAL OHIO Section. Marion, 
Ohic. 
FEBRUARY 8th 


WESTERN MASSACHUSETTS Section. Spring- 
fleld, Mass. Movies: “Marquette Goes to the 
Races—The Marquette Story.” Nontechnical. 


FEBRUARY 9th 


DAYTON Section. 8:00 P.M., Dayton Engi- 
neers Club. Joint Meeting with ASM. “Weld- 
ing Metallurgy,” by C. Linnert. 


FEBRUARY 15th 


NEW JERSEY Section. 6:30 P.M., Enon . 


House, Newark. "Weldability.” 


FEBRUARY 16th 

NORTHWESTERN PENNSYLVANIA Section. 
Erie, Pa. “Inert Arc Welding,” by J. S. Me- 
Kensie. 

PITTSBURGH Section. “Inert-Gas Metal-Arc 
Welding of Carbon Steel,” by James R. Craig, 
Region Engineer, Linde Air Products Co. 


FEBRUARY 17th 

RICHMOND Section. Richmond, Vo. ‘“Re- 
cent Developments in Alloy Electrodes,” by 
Richard K. Lee, Alloy Rods Co., York, Pa. 
FEBRUARY 24th 


NEW YORK Section. 6:30 P.M. Antler's 
Restaurant, 67 Wall Sr., New York City. Pane! 
on Industrial Welding Subjects. Joint Meeting 
with Noval Architects. 


FEBRUARY 25th 
MILW AUKEE Section. “Welding Metallurgy,” 
by C. L. Altenburger. 


Editor's Note: Notices to be published in any one given issue must reach Journal office not later 
than the first of the preceding month. Give full information concerning time, place, topic and speaker 


for meeting. 
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for faster, 
cleaner, sounder welds use 


CRUCIBLE STAINLESS ELECTRODES... 


You're sure of fast deposition, uniform quality welds, with 
Crucible stainless steel electrodes. For Crucible pioneered in 
the development of stainless electrodes . . . and its welding 
engineers have a wealth of manufacturing and application 
experience for you to draw upon 

And you'll find a complete assortment of Crucible 
stainless bare welding rods and coated electrodes for both 
AC and DC welding .. . including special high carbon 
corrosion- and heat-resisting electrodes . . . armorize 
electrodes for armor plate welding .. . and electrodes 
for cast iron welding. 

Whatever your application . .. whatever welding 
procedure you use... there is a Crucible stainless welding 
wire or electrode for the job. You'll get them fast from your 
nearest Crucible warehouse or welding equipment 
distributor. Crucible Steel Company of America, Henry W. 
Oliver Building, Pittsburgh 30, Pa. 


4 C LE| first name in special purpose steels 


Crucible Steel Company of America 
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enjoyed. Following that, they trav- 
eled to the Little Theater of the 
Waukegan Township High School for 
the meeting itself. Before Mr. 
MePhee's talk, a movie— ‘The Big 
Sphere’’—showing the construction of 
a large sphere for the Atomic Energy 
Commission by the Chicago Bridge 
and Iron Co. was followed with con- 
siderable interest. 

O. T. Barnett, Chairman of the 
Special Activities Committee, gave a 
report on the coming Midwest Weld- 
ing Conference which will be held at 
Armour Research Foundation on 
February Sth and 9th, being spon- 
sored jointly by the Chicago Section 
and ARF. 


WELDING IN AMERICA 


Cincinnati, Ohio.——-On October 26th 
the Cincinnati Section enjoyed a very 
delicious buffet supper. In the tech- 
nical session that followed, Ted Jef- 
ferson, Editor of the Welding Engineer, 
presented a very gratifying and in- 
spiring talk. Although it was not of a 
technical nature, everyone was fas- 
¢inated with the story of the impor- 
tance of welding in our great country. 
Mr. Jefferson told of the great strides 
made by the pioneers of welding and 
of the rugged uphill struggle to have 
welding accepted as a tool of fabrica- 


Speakers Table at Cincinnati 
October Meeting 


tion instead of a mere method of re- 
pair. 


EDUCATIONAL SERIES 
Cleveland, Ohio.—The Educational 


and Plant Visitation Committee of the 
Cleveland Section has announced the 
1954-55 Educational Series. The 
committee, consisting of Tom Demp- 
sey, Bill Mayor, Bill Mumford and 
Wasil Romance, states that the series 
will be devoted to ‘Processing and 
Methods in the Welding Industry.” 

The series will cover the various 
welding procedures and methods pre- 
ceding and following the welding op- 
erations. Consideration will be given 
to the equipment required for the 
various operations, some of the tool- 
ing and representative designs. Basic 
cost and production problems will be 
discussed. 

The series will be held on eight con- 


secutive evenings, starting Jan. 11, 
1955, and ending on Mar. 1, 1955 with 
a dinner meeting and talk by a lead- 
ing personality in the field of Welding 
on “The Future of Welding.” 

Some of the topies to be discussed 
in the series are Fabrication of Light 
Weldments, Medium Weldments, Al- 
loy Weldments, Structural Members 
and Resistance Welded Products, as 
well as the Inspection and Testing of 
Welds. Cooperating companies are: 
Lewis Welding and Engineering Corp., 
Colonial Iron Works, Spotweld Co., 
James H. Herron Co. and others. 


STRUCTURAL 
FABRICATION 


Cleveland, Ohio.— ‘Structural! Stee! 
Fabrication’’ was the subject of a 
technical talk presented at the No- 
vember 10th meeting of the Cleveland 
Section held at the Manger Hotel. 
In this talk, Erwin C. Brekelbaum 
WS, of the Thew Shovel Co., Lorain, 
Ohio, discussed trends in materials 
and methods used in structural weld- 
ing. Mr. Brekelbaum covered the 
importance of proper coordination of 
engineering, planning, manufactur- 
ing and inspection in the control and 
economical manufacture of structural! 
steel fabrications. 


NEW MORTON COMBINATION WELDING AND TRIMMING MACHINE 


Fig. 4221. 


It is arranged for welding and trim- 
ming 10’ long seams in 1/16" to 1/4” 
stainless or other alloy sheets and strip. 
Pinch Rolls are furnished, the top roll 
being hydraulically-loaded for holding the 
sheet flat during welding and trimming 
operation. 
bar is supplied for welding operation. 
Any number of sheets of any width up to 
10° long can be efficiently joined to 


The Combined Welder and Trimmer 
includes all the essential features required for con- 
venient handling of coil ends or flat sheets into 
position for submerged arc or gas shielded weld- 
ing. It incorporates the time saving feature of 
welding and trimming the weld bead from both 
sides, at one time without unclamping or trans- 
ferring the welded seam. 


A water cooled copper back- 


make one long sheet for your needs. 


You can and will increase your Welding output with Morton Automatic Welding Machines as well as 
your Machine Production with Morton Machine Tools and Special Machinery. 


Our New Bulletin 48-C shows plant views, lists our product and some of our machine tool facilities for 


producing superior Machine Tools and Automatic Welding Machines. 


Send for your copy today. 


Morton Finished Machine Keys comprising Gib Head—Plain—Feather—Hi-Pro—Woodruff and Specials 


will assure lower assembly costs thru accuracies built into each key. 


MORTON MANUFACTURING COMPANY 
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A trial order will convince you. 


Muskegon Heights, Michigan 
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“The Customer Is Always Right” 
was the title of a coffee talk given by 
DeForest Mellon, director of cus- 
tomer relations at Halle Bros. Co. 
Mr. Mellon told some of the interest- 
ing and amusing incidents that take 
place in a department store. 


MAINTENANCE WELDING 


Denver, Colo.—The Colorado Sec- 
tion met at dinner on November 9th, 
in the Festival Room of the Oxford 
Hotel. 

A very instructive presentation on 
‘Maintenance Welding’’ was given by 
T. B. Jefferson @N9, Editor of Welding 
Engineer. The coffee speaker, Mor- 
ton Beckwith, assistant superintend- 
ent of United Airlines, also gave a 
fine talk on Weather Forecasting, 
Meteorology and its facility in opera- 
tion of airlines as well as its value to 
other interests. Mr. Beckwith gave 
some very interesting information 
about the progress of air travel, the 
improvement of equipment, wider 
use of cargo planes in transport of 
perishable goods, etc. The air lines 
ure projecting the use of radar to fur- 
ther insure the comfort of passengers 
by spotting disturbances in the air and 
avoiding them by change of route. 

Mr. Jefferson's talk followed. This 
was very informative and illustrated 
with slide pictures telling the story of 
Fort Peck Dam. The use of main- 
tenance welding on this project made 
it possible to dredge, transport from 
four to six miles and place 27,000 yd 
of earth a day. 

The welding not only repaired 
broken equipment but reconditioned 
constantly worn out parts of pumps 
and lines by hard facing them with 
the welding torch. 

Mr. Jefferson lightened his talk of 
nearly two hours with many humorous 


touches. 


ATOMIC ENERGY 


Columbus, Ohio.—-Members of the 
Columbus Section met on November 
16th with the Columbus Technical! 
Council Annual Dinner held at the 
Southern Hotel. 

Prof. H. N. Alyea of Princeton 
University was the guest speaker. 
His talk at times was serious, at other 
times extremely humorous, but al- 
ways informative and entertaining. 
Professor Alyea described the princi- 
ples of atomic energy and traced the 
history of atomic energy from the dis- 
covery of uranium and x-rays to 
present-day peacetime applications 
Many spectacular and explosive dem- 
onstrations enlivened the discussion 
and the audience’s attention reflected 
the interesting presentation. 
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“AUTO-WELD-MATONS” 


pandjiris turning rolls 


. .. POWER to turn cylinders continuously for 
circumferential seams ...to position 
them for horizontal welds. 
No crane or 
manual work! 
Pandjiris builds 
‘em right... 

in capacities 
up to 400,000 
Ibs. 


THE WORLD’S LARGEST 
MANUFACTURERS OF 
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It's the coolest, lightest, most durable 
electrode holder on the market. 


For further information on the 


CADDY TEST INSTALLATION PROGRAM 


in your plant—write 


cA ARC WELDING ACCESSORY Div. 


2070 PLACE 
CLEVELAND 3, ONnIO aooress 


city TONE STATE. 


CADDY ARC WELDING ACCESSORY DIV. | 

ERICO PRODUCTS, INC. | 

ERICO 2070 61st, PLACE CLEVELAND 3, OHIO 

Lom interested in CADDY TEST INSTALLATION PROGRAM. 

| PRODUCTS, | Send CADDY CATALOG. | 
Inc, 
COMPANY 

| 

| 


| 
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SUBMERGED ARC WELDING 


Dayton, Ohio.—The regular month- 
ly meeting of the Dayton Section was 
held on November 9th at the Dayton 
Engineers Club. 

John Rudy described progress being 
made in the preparation of the Weld 
Design Clinic which is scheduled for 
April 1955. Mr. Rudy reported that 
there has been quite a bit of interest 
evidenced in this type of activity. 

The technical speaker was C. A. 
Heffernon OWS, Manager of the En- 
gineering Service for Linde Air Prod- 
ucts Co. in Indianapolis. His topic 
was “Unionmelt Welding as a Pro- 
duction Tool.” Mr. Heffernon first 
described the essential features ot 
submerged-are welding and the type 
of work it is particularly well adapted 
for, and then gave its historical de- 
velopment. 

Mr. Heffernon showed a number of 
slides demonstrating a variety of weld- 
ing operations using the process. A 
short discussion period followed the 
completion of his talk. 

A film entitled “The Questing 
Mind,” showing the importance of re- 
search in technological progress, was 
shown at the beginning of the meeting. 
Refreshments were served at the com- 
pletion of the meeting. 


RESISTANCE WELDING 


Des Moines, Iowa. William 
Klingeman, Chief Engineer and Sales 
Manager of Precision Welder & 
Flexopress Corp., gave an excellent 
talk on “Resistance Welding” at 
lowa’s September 16th meeting in Des 
Moines. Members and guests came 
from all over Iowa. Mr. Klingeman 
started with the experiments of Elihu 
Thompson in explaining the start and 
growth of resistance welding. Its de- 
velopment on through World War I 
and on into the depression years were 
slow in growth but the transition 
period of autos and refrigerators from 
wood to steel in the thirties gave the 
spurt necessary to bring out the tre- 
mendous benefits to be derived. 
Then, during World War II, the re- 
finements of electronic controls added 
greatly to the then established process 

Very interesting slides accompanied 
his speech to cover at least 10 phases 
of resistance welding from elementary 
diagrams on through contro! features, 
mechanical features, tip conditions, 
design factors, cost savings, safety 
devices and applications. The en- 
thusiasm of the audience led to a very 
lively question and answer period fol- 
lowing Mr. Klingeman’s speech. 


INERT-ARC WELDING 
Appleton, Wis.—The November 
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Page Welding Wire 


PAGE CHECK-OFF 


22” 1D x 4” 
Layer Wound 
125/290 ibs, 


12” ID REEL 
Layer Wound 


LEVERPAKS 
Reclosable. Keep 
wire moisture-proof 
indefinitely 


Check the welding wire you use: 


Heavy submerged are 
Light manual submerged are 


inert gas manuel! or cutomatle 


HOW TO BUY 


CARBON STEEL* Any carbon from STAINLESS AISI —308, 309, 310, 
Armco (.025 max.) to high carbon 316, 347, 410, 420, 430 and 502. 
(.90-1.10). Allstandard AISI analy- Other types on request. 


ses in between. ® PAGE also offers all of these analy- 
LOW ALLOYS® All the most popular ses for oxyacetylene gas welding, 
welding grades. metal spray wire, or bare electrodes. 


Write today for detailed literature and prices 


AECO Page Steel and Wire Division 
| AMERICAN CHAIN & CABLE 


in weterproefed paper 


LEVERPAKS 
Perfect protection 
against coil 
distortion 

or wire rusting 


January 1955 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn. 


(Layer Wound | | 
= WY SEA 
= 
3000-ib. Wire is wrapped 4 
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meeting of the For Valley Section was 
held on November 19th at the Elks 
Club. TT. W. Eselgroth of Linde Air 
Products spoke on the subject “Heli- 
are Welding.” 


INSPECTION 


Houston, Tex.—-The /Houston Seec- 
tion held its regular monthly meeting 
Tuesday, November 23rd in the Ben 
Milam Hotel, 

David L. Shall 8, Engineer for 
Humble Oil and Refining Co., Bay- 
town, Tex., was the guest speaker. 
Mr. Shall’s subject was “Shop Inspeec- 
tion and Quality Control of Welding.” 
His speech covered code and inspee- 
tion compliance, quality of material 
and workmanship, dimensional checks, 
and safety in operation and compila- 
tion of correct data. Many felt that 
this was one of the best talks the 
Houston Section has had on this sub- 
ject. Ninety members their 
guests were present. 


CONSTANT VOLTAGE 
WELDING 


Indianapolis, Ind.-The J/ndiana 
Section held its October meeting on 
Friday, October 22nd, in conjunction 
with the Open House activities of the 
Hobart Are Welding Equipment Co. 
in Indianapolis. E. O. Smith and 
Fred Watts were the hosts for the 
evening and had a wonderful program 
including a very fine buffet style din- 
ner, Exhibits from various manu- 
facturers were shown as well as live 
demonstrations of the latest Hobart 
Welding Equipment just off the as- 
sembly lines in Troy. 

John Blankenbuehler WS, 5th Dis- 
trict Director, was present to outline 
the latest District and National news, 
and Harley Orr, engineer in charge of 
automatic welding by Hobart, gave a 
very fine talk on “Constant Voltage 
Welding.” 

Approximately two hundred and 
twenty-five members and guests were 
in attendance. This meeting was one 
which will be long remembered. 


PLANT TOUR 
Indianapolis, Ind.—-The /ndiana 


Section held ite November meeting on 
Friday, November 19th, at the plant 
of Engineering Metal Products Corp. 
in Indianapolis. A plant tour was ar- 
ranged between the hours of 6 to 7 
P.M. Members were broken up in 
groups of approximately 20 and the 
various plant operations were ex- 
plained. The company is primarily a 
job shop, dealing in heavy metal fab- 
rication, ornamental! iron work and 
structural sections, and has a special 
facility devoted to ornamental alumi- 
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SECRETARY MEETS WITH DIRECTORS OF KANSAS CITY 
SECTION TO DISCUSS 1955 WELDING SHOW 


\ 


of 


November | 1th meeting Kansas City Section. Shown are officers and directors 


of the Section and National Secretary. 


(Left to right): F. G. Singleton, Treasurer; W. J. Snider, Director; T. H. Nicholl, Program Chairman; 
E. D. Anderson, Membership Chairman; M. L. Powers, Director; D. E. Broderson, Vice-Chairman; A. G. 
Hedstrom, Director; J. M. Payne, Director; T. 8. Jefferson, Editor, Welding Engineer; 1. N. Williams, 
Technical Director; P. D. Blake, Chairman; J. G. Magrath, National Secretary. (Photo courtesy, “Heart 
of America Purchaser—the Purchasing Agents Association of Kansas City.) 


num and stainless steel for buildings. 

After the plant tour, a buffet dinner 
was enjoyed by the members. A 
short business meeting after the din- 
ner was followed by a group of slides 
explaining a recent job completed by 
the company. This was a group of 
eight test cells for testing jet engines 
furnished to the Allison Division of 
GMC in Indianapolis. William Lan- 
cet and David Rock were the hosts for 
this particular occasion and had ar- 
ranged a wonderful evening. Ap- 
proximately forty members attended. 


ELECTRODE COATINGS 


Bethpage, L. I.—-The November 
meeting of the Long Island Section was 
held at Anselmi’s Restaurant on 
November 11th. A social period pre- 
ceded the dinner. The guest speaker 
for the technical session was Harry F. 
Reid, Jr., of the McKay Co. of York, 
Pa. The topic discussed by Mr. Reid, 
“It Isn’t Mud,” was a general survey 
of the are-welding electrode industry, 
covering the function of an electrode 
coating, materials used in electrode 
coatings typical formulations for 
various AWS classifications of elec- 
trodes, and current manufacturing 
processes. 


ULTRASONIC WELD 
INSPECTION 


Mishawaka, Ind.—The Michiana 
Section held a dinner meeting on 
November 19th at the Red Barn Res- 
taurant just north of Mishawaka, Ind. 
The attendance was no doubt cut down 
considerably by the heavy fog which 
blanketed much of the area. A short 
business meeting followed the dinner. 

The Section was fortunate in having 
as speaker John C. Smack M8, sales 
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staff engineer, Sperry Products, Inc., 
of Danbury, Conn., whose subject was 
“Evaluation of Ultrasonic Weld In- 
spection.” Mr. Smack’s talk was 
very informative, semitechnical in 
scope, explanative of the principles in- 
volved and the mechanics of use. An 
explanation of the capabilities and the 
limitations of this method of testing 
was given. The talk was illustrated 
by slides and motion pictures of many 
applications now in use. 


PLANT VISIT 


Linden, N. J.—On October 19th ap- 
proximately 100 members of the Vew 
Jersey Section made a plant visit 
through the Bayway Refinery, Esso 
Standard Oil Co. in Linden, N. J. 
Following lunch the visitors were 
divided into three groups. Buses and 
guides were provided for each group. 

The 1600-acre site of the refinery is 
capable of processing 150,000 bbl of 
crude oil daily, and has storage facili- 
ties for over 600 tanks. The applica- 
tion of welding was well brought out 
during the tour. The tour terminated 
at 4:00 P.M, 

The arrangement for this tour was 
headed by Leonard Detlor, Secretary 
of the New Jersey Section. 


ANNUAL PICNIC 


Union, N. J.—The New Jersey Sec- 
tion Annual Picnic was held at the Old 
Cider Mill Grove in Union, N. J. on 
Sept. 25, 1954. Over 550 members 
and friends enjoyed playing numerous 
games and winning the large number 
of beautiful prizes donated by 89 
welding-minded firms in the New Jer- 
sey area. 

Robert Thornton, Metal and Ther- 
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Miller Selenium Rectifier Type D.C. Arc Welders 


... performance, dependability, ease of maintenance un- 
matched by any other! Pulsating direct current produces 
sounder, denser welds; minimizes magnetic arc blow and 
“arc-outs.”” SR Welders have wider ranges than any 
other D.C. welder; polarity reverses at the flick of a 
switch. Miller’s patented UNITRAN combines transformer 
and flux diverter. Easily remote controlled or paralleled 
in combination with other SRs. Models with rated out- 
puts (60% duty cycle at 40 volts) of 200, 300, 400 and 
600 amperes. 


Miller Heavy-Duty Industrial \ 
A.C. Arc Welders \ : 


These transformer-type welders achieve 
high-quality welds at maximum produc- 
tion speeds, feature low maintenance and 
long life. Ample open circuit voltage 
stabilizes arc, minimizes “‘arc-out”’ time, 
permits use of all A.C. or A.C.-D.C. elec- 
trodes. Continuous current control. 
Models 102, 103, 104, 105 and 106 rated 
at 200, 300, 400, 500 and 600 amperes 
respectively (60% duty 
cycle at 40 volts). Power 
factor correction at slight 
additional cost. Models 
105-SA, 107-SA, 108-SA 
and 109-SA are specifi- 
cally designed for sub- 
merged arc welding, have 
selective open circuit 
voltages for automatic 
welding. Rated second- 
ary amperes (60% duty 
cycle at 40 volts) are 500, 
750, 1000 and 1500 re- 
spectively. All SA mod- 
els are power factor cor- 
rected. 


Miller Constant Potential 


PLus Rectifier Type Sigma Welder | 


welding conditions regardless of arc 

Engineer-earned designator for the variations. Operator can set wire 
feeding speed on SIGMA head and 
arc voltage on SIGMA welder. After 
arc is struck, Model SIGMA-5 auto- 
matically regulates filler wire sped 
and current to maintain constant 
arc length. Power for SIGMA head 
and control circuit furnished from 
within welder. May be paralleled 
and/or remote controlled. 500 am- 
~~ pere rated output on 100% duty 
“-/ cycle at 30 volts. 


ELECTRIC MANUFACTURING COMPANY Inc. @ Appleton, Wisconsin = 


Janvary 1955 89 


basically better design, high-quality 
components, established efficiency 
and longer life of Miller welders 
Complete FREE literature upon re- : 


t 


quest. Get the facts TODAY! | | 
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R. Thornton, Metal & Thermit, General Picnic 
Chairman, standing next to the Honor Roll of 89 
Prize Donor companies 


Some of the less active members playing cards 


N. Kiernan, Past-Chairman, presenting a door 
prize to M. Reilly, Air Reduction 


L. Detior, Standard Oil, in charge of games, wore 
this worried look, most of the afternoon 


Member happily walking away with jor of gate 
prize money 


mit Co., was over-all picnic chairman, 
assisted by Len Detlor, Standard Oi) 
C'o., who was in charge of games. 

The accompanying pictures of the 
outing were taken by R. L. Deily, 
Air Reduction Co. 


INERT-ARC WELDING 


Newark, N. J.--The New Jersey 
Section held their regular monthly 
meeting at the Essex House in Newark 
on Tuesday, November 16th.  Fol- 
lowing dinner R. L. Deily 98, showed 
slides of the recent outing held at the 
Old Cider Mill in Union, N. J., on 
September 25th, 

Approximately 100 members and 
guests heard the guest speaker J. R. 
Craig WS, of the Linde Air Products 
Co., Newark, N. J., discuss the charae- 
teristics and practical aspects of the 
inert-gas-shielded metal-are welding 
processes, The talk also included in- 
formation about application, costs and 
techniques. 


METALLIZING 


New York, N. Y.-‘‘ Metallizing and 
Its Applications’’ was the title of the 
Technical Program at the November 
Oth meeting of the New York Section. 
David ©, Boltz, Field Sales Manager 
of the Metallizing Engineering Co., 
Inc., Westbury, L. 1., gave a deserip- 


tion of the process, following which a 
28-min. sound film, entitled ‘‘Metal- 
lizing——Its Practical Application in 
Industry,”’ was shown. The film also 
described metallizing in detail and 
showed its many practical uses. A 
lively question and answer period fol- 
lowed and everyone was afforded an 
opportunity to become better ac- 
quainted with the subject. An extra 
vote of thanks was extended to Mr. 
Boltz in that he was a “pinch hitter’ 
in the Program, as the speaker origi- 
nally scheduled was unable to attend 
the meeting. Mr. Boltz was the orig- 
inal Metallizing Committee Chair- 
man of the American WELDING 
Society and has served as Liaison 
Member of the AWS with the Cana- 
dian Government Specifications 
Board. 

The meeting was held at Schwartz's 
Restaurant, 54 Broad St., New York 
City, where dinner was served prior to 
the Technical Session. 


WELDING ALUMINUM 
ALLOYS 


Minneapolis, Minn.—The October 
meeting of the Northwest Section was 
held on Monday, October 11th, at the 
Covered Wagon in Minneapolis. 
Ninety-nine members and guests were 
present to hear the speaker of the 
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evening, G. O. Hoglund WS, head of 
the Welding Section of the Alcoa Proc- 
ess Development Laboratories of the 
Aluminum Company of America, 
New Kensington, Pa., give a very 
interesting talk on “Aluminum 
Alloys.” Mr. Hoglund’s emphasis 
was on the welding of the new alu- 
minum-magnesium alloys. 

The Paper-Calmenson Co, was the 
host for a Happy Hour held before the 
dinner. 


WELDING SHOW 


Minneapolis, Minn.—The \Vorth- 
west Section opened the 1954-55 
season on September 13th by co- 
operating with Dunwoody Industria! 
Institute of Minneapolis in the presen- 
tation of a Welding Show. The Show 
was held at Dunwoody, one of the 
country’s leading industrial vocational 
schools. 

A dinner was held in the school 
cafeteria on Monday, September 13th, 
to open the season. An address ot 
welcome was made to 163 Soctery 
members and their guests by J. R. 
Kingman, Jr., Director of the Insti- 
tute. 

Section Chairman Coleman an- 
nounced and introduced the committee 
chairmen for the year. 
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Double V butt girth joint between 1'4"" thick 
wrought steel plote to spec: A285-50T Grade 
B, firebox quality (left), to the cast steel 
flange ring. The illustration shows a section of 
the vertical weld. 


Ovouble V butt joint welded vertically up with 
Atoms Arc 7016 electrodes in costings of four 
inch thick, Grode 65-35 A27-50T steel. The 
use of AtomeArc electrodes in this joint 
eliminated weid cracking which had been prev- 
alent when conventional electrodes were used. 


January 1955 


This is one section of a hydraulic turbine 
spiral casing. Once assembled for welding, 
section is too large to position, Atom* Arc 
provided the crack-free, X-Ray sound welds 
required in this out-of-position work. 


RC 


"“ATOM+ ARC 7016 electrodes gave us crack-free welds, X-Ray soundness, and 
the high physicals required with greater ease and efficiency.” 


Piant Superintendent 
5. Morgan Smith Co. 


Every weld X-Ray sound in this huge hydraulic turbine spiral casing at 
S. Morgan Smith Company, world’s largest manufacturer of hydraulic 
turbines. ATOM+ARC, the new iron powder low hydrogen electrode was 
selected for this job because it could meet the requirements for soundness 
and physical properties in out-of-position work. In addition they found that 
ATOM+sARC gave them better penetration, laid down a smoother deposit, 
and was easier for the welders to use than other electrodes ordinarily 
used for this work. 


The outstanding physical properties and economies of 

ATOM+?ARC can help you with your fabrication problems All. 

too. Write today for this complete story and the facts oy 
) 


on high quality, low cost weldments with ATOM+ARC. 
A.ttoy Rops Company » 
NO FINER ELECTRODES MADE... ANYWHERE Co. 


General offices and piant Pacific Coast Division 
YORK 3, PENNSYLVANIA EL SEGUNDO, CALIFORNIA 


X-RAY SOUND WELDS in ALL POSITIONS 
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Registering one of the two thousand visitors to the Welding Show sponsored 
ointly by the Northwest Section and Dunwoody Industrial Institute 


A few of the many interested participants inspecting the varied available 
exhibits. Welding processes were also demonstrated 


Following the meeting a 2-hr. pre- 
view of the Show was held for the 
group. 

On September 14th and 15th the 
Show was open to the public from 
1:00 to 10:00 P.M. Over two thou- 
sand persons were registered at the 
booth. 

The Show, the first such attempt by 
the Section, was judged an unquali- 
fied success. 

The participants in the Show were 
various welding equipment manu- 
facturers and their distributors. Each 
was assigned a process to demonstrate. 

The participants greatly appreci- 
ated the close cooperation provided 
them by John Markwell and the 
Dunwoody Institute. Each manu- 
facturer also provided a door prize 
which was distributed by a drawing 
from the registration cards. 


DESIGN FOR WELDING 


Marion, Ohio.—-The third regular 
meting of the 1054-55 season for the 
North Central Ohio Section was held at 
the Royale Pine Room, High Street 
Market, Lima, Ohio, on November 
5th. 

There were 55 members and guests 
in attendance at the dinner meeting. 
John Mikulak WS, Assistant to the 
Vice-President in Charge of Manu- 
facturing, Worthington Corp., Har- 
rison, N. J., talked on “Product De- 
sign for Welding.”’ Mr. Mikulak’s 
address covered the redesign of cast- 
ings to weldments with particular 
emphasis on the redesign of the initial 
weldment to a more refined structure. 
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Many illustrations were shown of the 
comparison of the initial redesign and 
the final weldment. 

Mr. Mikulak also touched on weld 
rod deposition rates and efficiencies 
and the relationship between welding 
position and weld rod types. He also 
covered the relationship between man- 
ual, semiautomatic and fully auto- 
matic welding, with respect to welding 
costs. Many ingenious automatic 
welding fixtures were shown. Di- 
mensional variations of items in the 
weldment were discussed with their 
effect on the finished weldment, based 
on various types of design. 

His talk was extremely well re- 
ceived and interesting. 


WELDED JOINTS DESIGN 


Erie, Pa.—-A. N. Kugler WS, Chief 
Welding Engineer, Air Reduction 
Sales Co., New York, was the guest 
speaker at the November 17th dinner 
meeting of the Northwestern Pennsyl- 
vania Section held at Soudans Res- 
taurant in Erie. Mr. Kugler dis- 
cussed the preparation of the more 
common types of joint designs em- 
ployed in are and gas welding. Com- 
ments were offered on methods of prep- 
aration and relative ease of prepara- 
tion. Subsequently each of these 
joint designs were discussed from the 
welding point of view including ap- 
propriate comments on their suit- 
ability for various welding processes. 
Finally, reactions of these welded 
joints under different types of loading 
were covered. The entire talk was 
illustrated with sketches prepared in 
advance. These sketches were ela- 
borated upon as the talk progressed. 
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Following Mr. Kugler’s talk, a 
short film on Thermit Welding, en- 
titled “Mass Production of Massive 
Parts,”’ was shown through the cour- 
tesy of the Metal & Thermit Corp. 


PROGRAM OF MEETINGS 


Erie, Pa.—The following is the 
program of meetings for the remainde: 
of the 1954-55 season of the North- 
western Pennsylvania Section: 


February 16th—Inert-Are Welding, 
J. MeKenzie 

March 16th —Submerged - Are 
Welding, Lincoln Electric Co. 

April 20th—Product Design for 
Welding, J. M. Mikulak 

May 25th—Annual Meeting 


WELDING IN GREAT 
BRITAIN 


Olean, N. Y.-—A dinner meeting of 
the Olean-Bradford Section was held 
at the “Castle’’ Restaurant on the 
22nd of November at 7:00 P.M. and 
was attended by well over two-thirds 
of the membership. This pleased 
the officers immensely, as members 
from Bradford showed up in a pre- 
dominating group on a bad snowy 
night. 

A paper on the “Aspects of Welding 
in Great Britain’’ was presented by 
Mike Robinson WS, of the Dresser 
Manufacturing Co. Mr. Robinson 
whose technical education took place 
in Great Britain and who was em- 
ployed by various firms—among them 
the Metropolitan Electrical Ltd. and 
DeHaviland Engine Company of 
Manchester, presented a talk which 
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Here are some tips that can save you money! 


A. C. WELDING 


Metals Welded: Aluminum and magnesium are the metals 
most’ frequently welded with alternating current 


Tungsten Electrode: For the usual range of welding appli 
cations, Sylvania Zirtung electrodes will give the most de 
pendable and the best performance. Under certain specia 
conditions, Sylvania Thoriated Tungsten and Puretung Elec 
trodes can be used acceptably. 


If you have trouble with these problems...use these tips 


Clean work material thorough! 
Difficult Starting ghly 


Use superimposed high frequency 


Use larger size electrode 


Brittle Electrode Tips 
Use larger size electrode 

Excessive Heat in 

Electrode or Holder 


Use centerless ground finish 
in larger size electrode 


Try longer orc 
Freezing to Workpiece 


Use a larger size electrode 


Use higher current 
Try helium or a mixture of 


Poor Penetration 


helium-argon 


~ 
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Sylwania offers 2 high- 
quality Tungsten 
Electrodes 


SYLVANIA ELECTRIC PRODUCTS, INC. « 1740 BROADWAY, NEW YorK 19, N.Y, 


There's a right Sylvania Tungsten Electrode for 


every inert gas welding job . . . and @ right 


technique for using the preferred electrode. The 
following welding helps are the result of field 
surveys and investigations by the research 


engineering staff of Rensselaer Polytechnic 
Institute, and Sylvania Electric Products, Ine, 


D.C. WELDING 


Metals Welded: Stoiniess stee!, incone!, mone! and other 


similar metals 


Tungsten Electrode: for the usual range of welding applica 
tions, Sylvania THORIATED TUNGSTEN electrodes will give 
the most dependable and best performance. Under certain 
specialized conditions, Sylvania Zirtung and Puretung Elec- 


trodes can be used acceptably 
If you have trouble with these problems use these tips 


Point the electrode 
Try touch starting 


Difficult Starting or 
Low Voltages 


Use argon instead of helium 
Start fillets with filler rod 
(if permissible) 


Point the electrode 
Use a larger size electrode 


Brittle Electrode Tips 


Point the electrode 

Use a larger size electrode 
Use centerless ground finish 
in larger size electrode 


Excessive Heat in 
Electrode or Holder 


Metal Pickup, Contami- 
nation of Electrode Tip, 
Erratic Arcs 


Use a larger size electrode 
Use argon instead of helium 


Use higher current 
Try Sylvania Zirtung 
Try helium or helium-argon mixes 


Poor Penetration 


imprecise Welding 
(especially on fillets 
or tight corners) 


Point the electrode 
Use starting block 


Use o larger size electrode 
Point the electrode 
Use o longer orc 


Eroded Electrode 


you have INERT GAS welding problem? 


In Conada: Sylvania Electric (Canada) Lid., University Tower Bidg., Catherine / 
Lighting Radio + + Television Atomic, Energy | 
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was very well received and pleased 
everyone. Much questioning took 
place afterward, which “Mike” an- 
swered very ably, After considerable 
discussion, announcement was made 
by the Chairman that due to the in- 
clement weather and distances some of 
the members had to travel, no more 
meetings would be held until the 
second week of March 1955. 


TOOLING FOR AUTOMATIC 
WELDING 


Philadelphia, Pa.—The Philadel- 
phia Section held a dinner meeting on 
November 15th at the Engineers 
Club with an attendance of 60 mem- 
bers and guests. Prior to the techni- 
cal meeting, the Executive Committee 
met to hear and discuss various com- 
mittee reports. 

Anthony K. Pandjiris WS, President 
of the Pandjiris Weldment Co., was 
introduced shortly after 8:00 P.M. 
and spoke for 60 min on the subject 
of tooling for automatic welding. 
Not only was Mr. Pandjiris a master 
of his subject, but he also was able to 
captivate his audience of 116 members 
and guests by delivering to them a 
most interesting and enlightening 

A short question and answer period 
was held following the excellent talk 
given by Mr. Pandjiris. The meeting 
was adjourned at 9:30 P.M. with a 
rising vote of thanks to the speaker. 


HEAVY PLATE WELDING 


Pittsburgh, Pa.--A total of 83 
members and guests of the itlsburgh 
Section at dinner and 156 at the meet- 
ing which took place on November 
17th at Mellon Institute turned out 
to hear Jessen Works Con- 
trol Laboratory, the Babcock & 
Wileox Co., Barberton, Ohio, discuss 
some of the difficulties experienced 
with welding of thick-walled pressure 
vessels. 

The presentation was preceded by a 
sound-color motion film, “Power on 
Demand,” which shows the heavy 
press and draw bench equipment re- 
quired for the forming of thick-walled 
drums and steam piping. This film 
shows in detail the step by step opera- 
tion of these mighty machines, and is 
of interest to all those concerned with 
steam generating equipment, etc. 


FLAME CUTTING 


Portland, Ore.—-The third meeting 
of the Portland Section was held 
November 9th at the Heathman 
Hotel in Portland, Ore. 

A social hour at 6:30 was followed 
by dinner at 7: 00, followed by a short 
business session presided over by 


Chairman B. N, Wood 
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The speaker of the evening, A. F. 
Chouinard WS, head of the Research 
& Development Laboratory for Na- 
tional Cylinder Gas Co., Chicago, was 
introduced by Program Chairman 
George Conner. Mr. Chouinard pre- 
sented a lecture on ‘Flame Cutting of 
Stainless Steel’ with the powder 
cutting process. His talk of approxi- 
mately 45-min duration was accom- 
panied by slides. A general group 
discussion followed. Mr. Chouin- 
ard’s talk was of great interest and 
was enjoyed by the 52 members and 
guests who attended. 

It was announced that the Decem- 
ber meeting would be omitted this 
year, as is usual custom here, and 
that the next meeting would be held 
on January 11th. 


WELDING RESEARCH 


Saginaw, Mich.—The Saginaw 
Valley Section held its November 
meeting at the High Life Inn on No- 
vember Lith with an attendance of 95 
for the dinner and meeting. 

Speaker was Jack Ogden WS, of 
Fisher Body Division of the General 
Motors Corp. Mr. Ogden is the 
Senior Engineer in Charge, Process 
Development Section. He is Chair- 
man of the Resistance Welding Com- 
mittee of the Welding Research 
Council. The subject of his talk was 
“Recent Developments in Resistance 
Welding Research as Applied to Spot, 
Projection and Seam Welding.” 

The coffee entertainment was a 
movie “Training of Retrievers.” 

The Section was honored by the 
presence of Ray Stitt, District 6 Di- 
rector, who addressed the section 
briefly during the coffee period. 


AUTOMATIC WELDING 
St. Louis, Mo.—One hundred and 


two members and guests of the St. 
Louis Section met on November 12th 
at the Forest Park Hotel to hear 
Anthony K. Pandjiris 9, Pandjiris 
Weldment Co., talk on the subject 
“Automatic Electric Are Welding.” 

Mr. Pandjiris pointed out the tre- 
mendous growth in recent years of 
the automatic welding field. 


RECTIFIER TYPE WELDER 


San Francisco, Calif. The regular 
monthly dinner meeting of the San 
Francisco Section was held on October 
25th at the Engineers’ Club. Coffee 
speaker was Commander D. F. Pinker- 
ton of the San Francisco Naval Ship 
Yard who spoke on “Teamwork.”’ 

Speaker at the meeting was G. K. 
Willecke of the Miller Electric Manu- 
facturing Co., Appleton, Wis. Mr. 
Willecke gave a down-to-earth techni- 
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cal discussion of the basic principles 
of the rectifier type welder couched in 
language that is readily understood by 
welding engineers and operators not 
too familar with complex electrical! 
theory. 

Special attention was given to the 
characteristics of the welding current 
as produced by the various power sup- 
plies and the effect of these various 
types of current. 


FILM PRESENTATION 


San Francisco, Calif.-A different 
kind of meeting was held on Monday, 
September 27th, by the San Francisco 
Section at the Engineers’ Club.  Fol- 
lowing dinner a coffee talk was made 
by Russell Rhoades WS, Welding 
Consultant for Beehtel Corp. Mr 
Rhoades gave the highlights and in- 
teresting points of the feature film 
for the evening. This was a 35-min 
sound and color film, entitled “Big 
Crossing,”’ covering the construction 
of the Interprovineial Lakehead Oil 
Pipeline System—the world’s long- 
est—from Edmonton, Alberta, Can- 
ada, to Sarnia, Ont.—-and featuring 
the Crossing of the Straits of Mack- 
inac. 


INSIDE STORY OF WELDS 


Syracuse, N. Y.—The regular 
monthly meeting of the Syracuse 
Section was held at the Hotel Onon- 
daga on Nov. 10th, 1954. 

R. G. Tobey of the Technical Serv- 
ice X-ray Division of the Eastman 
Kodak Co., Rochester, N. Y., pre- 
sented a very interesting talk on “The 
Inside Story of Welds.” Mr. Tobey 
gave an excellently presented discus- 
sion of weld and material examination 
by the use of X-ray and other equip- 
ment available for use with other 
radioactive materials now obtainable. 

The technical meeting was preceded 
by a well-attended dinner meeting in 
which Allen Rausch, internationally 
known amateur photographer, pre- 
sented a very interesting talk on 
techniques, composition and selection 
of subject matter designed to assist 
the amateur photographer to produce 
better and more consistently superior 
pictures. 

Mr. Rausch illustrated his talk with 
a number of his own salon prints and « 
colored motion picture supplied by 
the Kastman Kodak Co. 


WELDING FOR 
MAINTENANCE 


Tucson, Ariz.—The T'ucson Section 
held its first meeting of the fall season 
on October 19th at the Municipal 
Gold Course Club House. Speaker 
was Tom Lehman, Smelter Repair 
and Maintenance Foreman of Cananea 
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Often a single G-E Temperature-con- 
trolled Ignitron will also contro! opera- 
tion of one or more standard ignitrons 


NEW LOW PRICES G-E WELDING IGNITRONS 
GIVE YOU TWO CONTROL FEATURES FOR COST 


1. Over-temperature control that’s fast, sure, precise 
. +.» prevents costly tube burnouts. 


2. Cooling-water control that will save 95% water 
++ Up to 1,000,000 gallons a 3-shift day. 


GENERAL ELECTRIC 
TEMPERATURE-CONTROLLED 
WELDING IGNITRONS 


GL-6346. 
Size B, replacing 
GL-5551/FG-271. 


$77.75 


GL-6347. 
Size C, replacing 
GL-5552/FG-235-A. 


$115.75 


pony new low G-E prices at right! Other temperature-controlled 
ignitrons at these prices include no water-control feature! 


Means you lose out on that important operating economy—a big 


saving in dollars, if you buy cooling water. 


If you draw from your own wells, General Electric's 95% reduc- 


tion in water safeguards you against dry-season shortages. Your 


welders can operate every working day in the year, no matter 


what the sub-surface water level. 


Furthermore ... only G.E. brings you controls that are part of the 
tube itself, with sealed-in life adjustment! Ask your G-E tube dis- 
tributor why G-E Ignitrons (1) mean more and better perform- GL-6348, 

Size D, replacing 
ance for your money, (2) give you temperature-controlled tubes : GL-5553/FG-258-A. 
that are built in one integrated unit by one manufacturer, carrying — $245.75 
full G-E warranty throughout! Tube Department, General Electric , 


Company, Schenectady 5, New York. 
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Consolidated Copper Co., Cananea, 
Sonora, Mexico. Mr. Lehman spoke 
on jobs that could be accomplished 
only through welding. Mr. Lehman’s 
talk was well received and was fol- 
lowed by lively discussion. 


SILVER BRAZING 


Tucson, Ariz.—John Koss, Dis- 
triet Manager, Industrial Division, 
Handy & Harman, was the guest 
speaker at the J'ucson Section regular 
dinner meeting held on November 
16th at the Municipal Golf Course 
Club House. 

Mr. Ross gave a very interesting 
nontechnical talk entitled ‘‘Silver 
Brazing for Industry” and showed a 
16-mm colored film entitled ‘“Pro- 
duction Silver Brazing’ which took 
the audience inside many plants 
where the application of silver brazing 
is used. 

Ralph Smith, District Chairman, 
District 10, was introduced as guest 
speaker and he spoke of the recent na- 
tional meeting of Amentcan WeLDING 
Sociery, and told the members present 
what they can expect from him as 
their District Chairman. 


Past-Chairmen present at Past-Chairmen's meeting of the York-Central Pennsyl- 


vania Section 


Seated (left to right); John W. Hennessey; Charles W. Allen; Edward J. Brady; A. T. Light; Richard 


K. Lee. Standing (left to right): 
Paul L. Stumpf; Cores C. Keyser; 


teresting talk and demonstration on 
the need for personal protective equip- 
ment. After the meeting there was 
open discussion which brought out 
various points of interest pertaining 
to protective clothing which was un- 
known to many attendants. 


William Hess; William C. Baver; E. C. Lewis Kerchner; M. G. Sedam, 
Gustaf A. Ostrom; Frank Logue; Charles Pyle. 


Allen, A. B. Farquhar Division of 
Oliver Corp., an Honorary Chairman 
who has served the chapter as treas- 
urer since its organization in 1939. 
The group was first organized as 
the York Welding Society in the 
Spring of that year and was chartered 
by the AmerRIcAN WELDING Society 
as the York-Central Pennsylvania 


Chapter on Oct. 3, 1939, with John 
W. Hennessey, then affiliated with 
York Safe and Lock Co., as its first 
chairman. 

Kk. J. Brady, who served as toast- 
master, followed Mr. Hennessey as 
chairman in 1940-41. Mr. Brady, 
President of Alloy Rods Co., is re- 
garded as founder of the Section. 


PAST-CHAIRMEN’S NIGHT 


SAFETY York, Pa. 

Springfield, Mass.--The Western 
Maasachusetls Section held its Novem- 
ber dinner meeting on the 4th at 
Blake's Restaurant. Charles C. Al- 
brecht of the American Optical Co., as did 
Southbridge, Mass., gave a very in- Chairman 


Twelve of the fifteen 
past-chairmen of the York-Central 
Pennsylvania Section present 
on November 9th, and responded to 
kK. J. Brady’s call with short addresses 
A. T. Light, York Corp., 


Emeritus, and Charles 


were 
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££. SUPPLEMENT TO THE WELDING JOURNAL, JANUARY, 1955 
TRANSITION TEMPERATURE BEHAVIOR 


OF PRESSURE VESSEL STEELS 


PWRC report covers effects of temperature on 


pressure vessel sleels in range from 


+32° F to —50° F, with particular emphasis on 


transition temperature behavior 


BYL.J.McGEADY 


FOREWORD. In June 1953 the author contracted with the 
PVRC to prepare a report on the effects of temperature on pres- 
sure vessel steels in the range from +32° F to —50° F with par- 
ticular emphasis on transition temperature behavior. The sub- 
committee guiding this work had requested limiting the study to 
5) ASTM specification steel plates: A-7, A-283, A-285, A-201, 
and A-212. Further discussion of the matter of steels indicated 
that the Fabrication Division was interested primarily only in 
steels bought or sold to fill these specifications. Hlowever, it was 
found that little information on them was available; consequent}y 
the present report is based on a study of low-carbon plate steels, 
most of which could be fitted into one or more of the five (5) sub- 
ject specifications, 

Introduction 

The ASME boiler code states that no impact 
test requirements need be made of steels for vessels de 
signed to operate above —20° F or of steels for vessels 
that drop to temperatures of use below —20° F if such 
temperatures are the result of seasonal atmospheri 
Further, steels to ASTM A-201 and A-212 


specifications may be used in vessels for low temperature 


conditions 


if they are normalized and, preferably, made to fine 
grained deoxidation practice with 15 ft-lb keyhole 
Charpy required at the designed allowed operating 
temperature, from —20° F to —50° F in accordance 
with ASTM A-300 specification. 


L. J. McGeady is Professor of Metallurgy, Lafayette College, East Pa 
Report prepare inder the auspices and supe sior { Subcommittee 
Study the Effects of Temperature in the Range from +%2° F t wy” | 
Fabrication Division, Pressure Vessel Research Committee 
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Since there has been a history of brittle failure of 
ships'’ and of a few pressure vessels* at temperatures 
considerably higher than ~20° F, the question arises as 
to whether there is danger of brittle failure of some com- 
monly used pressure vessel steels in the temperature 
range where no impact-test requirements are made of 
the steels. Accordingly, the investigation which this 
report is intended to cover has been made to determine 
the notched bar behavior of five (5) ASTM elassifica- 
tions of steel plates A-7, A-201, A-212, A-283, and 
\-285. For a wider study of low temperature char- 
acteristics of steels, the reader is referred to an exten- 
sive bibliography of the subject.” 

Steels Investigated 

A condensation of the ASTM specifications (identical 
with ASME Boiler Code) for the steels investigated is 
Of the five steels: two, A-7 and 
\-283, are designated as structural grades and are not 


found in Table 1." 


permitted for use in pressure vessels designed to operate 
lower than —20° F; the other three are designated as 
boiler and pressure vessel steels. Boberg* has written 
expertly on some of these steels but reiteration is prob- 
ably proper here. Of the boiler and pressure vessel 
steels, only A-201 and A-212 are required to be killed, 
The other three 
steels will normally be made rimmed or semikilled al- 
A-201 and A-212 


are normally made for use in high temperature vessels 


hy virtue of the silicon requirement 


though they need not be so made 


ady—Pressure Vessel Stee!s l-s 


i 
a 
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Table 1-—-ASTM Specifications, Condensed, for Plates of 
About | In. Thickness 


Tensile Carbon Elonga- 
Spee. atrength limits Silicon tion (2), 
No. (1) (3) limils % 
A-7 60 000-72 ,000 None None 21 min 
A-283 45,000-72,000 None None 21-27 min 


A-285 45,000-65,000 0 15-0.30 max None 24-20 min 
A-201 55,000-72,000 0.20-0.24 max 0.15-0.30 25-29 min 
A-212 65,000-85,000 0.28-0.31 max 0.15-0.30 18-21 min 


Nore 1: All except A-7 specifications are divided into pro- 
gressive overlapping strength “grades.” Three of these specifica- 
tions impose maximum manganese: limits, 0.40% for A-201 and 
A-285 and 0.90% for A-212. To meet A-300 requirements, A-201 
and A-212 specifications allow 1.00% max. manganese. 

Nore 2: Specifications A-285, A-201, and A-212 (these are 
boiler and pressure vessel steels) are divided into two ‘qualities,”’ 
firebox and flange; highest ductilities are required of firebox 


quality. 
Nore 3: Allowable carbon depends on grade and quality. 


and, as such, are made coarse-grained to combat creep 
and are not aluminum killed because the presence of 
aluminum in these steels at high temperatures pro- 
motes graphitization and may interfere with the pro- 
duction of x-ray quality welds; however, A-201 and 
A-212 may be ordered to fine-grained, aluminum-killed 
practice, particularly for ASTM A-300 specifications. 

From the standpoint of a study of notch-sensitivity, 
these steels can be considered in a common group, 
plain low-carbon steels. That is, their notch-sensitivi- 
ties depend upon chemical and physica! characteristics 
and are not necessarily derived from the ASTM specifi- 
cations the steels fit. However, from the standpoint of 
commerce, these steels must be viewed as five distinct 
classifications because in the main, although they differ 
substantially only in strength and accordingly in carbon 
content, there is marked difference among them in re- 
gard to permissibility in use, stringency of inspection, 
price, ete, 

Nevertheless, at a given strength level A-7, A-283, 
and A-285 are practically identical steels and A-7 cor- 
responds very closely to pre-World War II specifications 
fo hull grade ship steel (see Table 2); A-201 if made to 
fine-grained practice would correspond to the present 
ABS-Class C specifications for ship steel. 

That these marked similarities are real is attested to 
by the fact that suppliers frequently take advantage of 
them, substituting one kind of steel for the others where 
practicable. 

Procurement of Data 


The data presented in this report were obtained from 


a survey of published literature and in response to re- 
quests made of various laboratories for unpublished 
data; very little was furnished from the latter source. 
Since very little of the total data was on steels bought 
or sold specifically to the subject five steel specifications, 
all data on low-carbon steels that could be found has 
been used to arrive at the conclusions drawn; this 
action was taken only after careful consideration of the 
factors involved in the notch-sensitivity of steel and 
after consultation with steel-makers, who judged this a 
legitimate course of action. 

Very little data can be found on coarse-grained A-201 
and A-212; this may be because these steels are not 
expected to have good notched-bar properties, for rea- 
sons to be shown, and are therefore not of interest in 
that respect. 


Variations and Variability in Steels Made to the 
Same Nominal Classification 


It has been said’ that no two open-hearth heats of 
steel are alike; this statement can be extended to say 
that very often no two plates from the same heat are 
alike, at least in respect to notched-bar properties. The 
former statement is well borne out by MacKenzie’s 
data‘ shown in Table 3 on B. 8. 13 and 15, British ship 
steel specifications, equivalent to the ASTM A-283 or 
ASTM A-7 specifications. From the same source, anal- 
ysis of graphs showed on 19 plates of those which were 
0.7 to 1 in. thick, a range of transition temperatures 
(taken at the 8 ft-lb level in the V-notch Charpy test 
roughly equivalent to 15 ft-lb Keyhole) from —25° F to 


Table 3—MacKenzie’s Data on 68 Steels of A-7, A-283, 


A-285 Type 
A. Ranges of Chemical Composition, % 
C Mn Si S P 
0.10 to 0.38 to 0 02 to 0.02 to 0.01 to 
0.21 0.67 0.08 0.05 0.048 


B. Ranges of Transition Temperatures, V-notch Charpy, ° F 
. —~ ~ Plate thickness—— — . 
(16 hects) 


(25 heats) (27 heats) 

Criterion 0400.7 in. 0.7 to 10 in. 1 to 1A in. 
15 ft-lb — 9-63 32-75° F 40-110 
10 ft-lb — 24-45 440 16- 80 

5 ft-lb — 41-22 — 24-32 5- 50 


C. Range of Finishing Temperatures: 1475 to 2000° F. 
D. Range of Ferrite Grain Size: 20 to 120 Grs per sq in., 
ASTM 5 to 8 
bk. Range of Tensile Strengths: 52,000 to 66,000 psi 
Minimum elongation in 8 in.: 20% 


Year Tensile strength Elongation, % 
1042-1045 58 ,000--70,, 000 21.26 
148 59 000-70, ,000 21-26 
1052; 

Class A (2) 58, 000-71 ,000 21-26 
Class B 58 000-7 1,000 21-26 
Class C (1) 58 ,000--7 1,000 21-26 


Table 2—Condensed Ship Stee! Specifications 


Carbon, % Manganese, % Silicon, % 
None None None 
Same as 1052 
None None None 
0.25 0. 60-0. 90 0.15-0.30 


Nore I: 


2-s McGeady— Pressure Vessel Steels 


Class C steels are to be made to fine-grain open-hearth practice. 
Nore 2: Class A plates are '/, in. thick or less. Class B plates are '/, to | in. thick. Class C plates are over | in. thick. 
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Table 4—Summary of U. S. Steel Data on */, In. A-7 Steel 
Plates 


A. Ranges of Chemical Composition, % 


is Vn Si S P 
Mill A 
Range j 0.50 0.04 023 
0.60 0.07 0.044 
0.55 0.05 036 


0. 010 
0.018 


Average 0.012 


Mill B 


Range 2 0.49 0 04 030 
0.57 0 O08 0 049 
\verage y 0.54 0.05 038 


0.011 
0.025 
0.017 


Ranges of Transition Temperatures, 15 ft-lb, Keyhole 
Charpy, F (comparable to 5-10 ft-lb range V-notch 
Charpy) 

Mill A: —35-—5° F 

Mill B: 0- 30° F 


+40° F was encountered. U.S. Steel data (Table 4) 
on 20 heats of */, in. A-7 steel showed a range of transi- 
tion temperatures (15 ft-lb in the keyhole Charpy) 
from —35° F to +30° F and further that these steels 
came from two mills, the set of 10 plates from Mill A 
showing transition temperatures from —35° F to —5° 
F and the 10 plates from Mill B showing transition 
temperatures from 0° to +30° F. 
some of the data on failed ship steels with the wide 


Table 9 presents 


variation in transition temperatures encountered. 
Similar differences in transition temperature in both 
the welded and unwelded condition have been shown on 
steels A-201, A-283, A-285 and A-212 using the longi- 
tudinal notched-bend test. (See Tables 5 and 6.) In 
the keyhole Charpy test, data from Northup® indicates 
that of two 1-in. plates rolled from different slabs of the 
same heat of A-285, one plate showed a transition tem- 
perature of 32° F, the other of 74° F. These results are 
not surprising since Tér and Stout® found in a heat of 
A-201 Grade A that carbon content varied from 0.14% 
to 0.17% and in a heat of A-285 carbon varied from 
0.14% to 0.25% according to ingot position in the heat 


of steel. In Charpy keyhole tests of structural rolled 


Table 6—Lehigh Bend-Test Data” on °/s in., A-201 and 
A-212 Plates 


Transition 
temp., °F 
~ Ue 
Ale welded Welded 
007 —100 —20 
0098 = =—100 —90 
005 —100 25 
006 — 65 
021 — 40 60 
006 — 20 00 
005 — 30 


=. 


012 —100 45 


* All values are for total aluminum. Acid soluble values range 


from 0.004 to 0.007% 


heams at Columbia,'! specimens were found to behave 
best which came from the portions of web and flange 
which were thinnest and cooled fastest after rolling; 
differences in location of test specimen caused about 
10° F difference in transition temperature, Further, 
two types of steel were tested, one a semikilled 0.21% C, 
0.58°% Mn heat and the other a fine grained 0.19% C, 
0.72% Mn heat, silicon-aluminum killed; both heats 
are designated A 7-46 but the killed heat, from the data 
shown, meets A-212 requirements. The tests from the 
killed steel showed 15 ft-lb keyhole Charpy at a range 
70° F, depending on 
specimen location in the beam (web or flange) and the 
10 to —20° F again 


of temperatures from — 110° F to 


semikilled heat showed 15 ft-lb at 
depending on specimen location 
The conclusion to be drawn from this is that no tem- 
perature o1 practicable range of temperatures can be 
used to designate the transition temperature behavior 
of the steels studied here. The fine grained steels, 
however, doshow uniformly low transition temperatures, 
Although there are factors which tend to cause steel 
plates of one grade to have like transition temperatures, 
there are other countering factors of sufficient import to 
cause wide variation in behavior within a single class or 
grade of steel; only an approximation” to the actual 


Table 5—Summary of McGeady-Stout Data on Pressure Vessel Steels* 


Plate 
ASTM thickness, 

Supplier specification in. Deoxidation 

B 4-201 Si-killed 
B A- Si-killed 
\ Si-Al-killed 
\ 1.6 lb Al/ton 
B Si-killed 
B Si-killed 
Rimmed 
Rimmed 
Semikilled 
Rimmed 
Rimmed 
Rimmed 
Semikilled 
0.1 tb Al/ton 
Si-killed 
Si-killed 
Si-killed 


to 


Transition temp.,* ° F Normalized 
1e-rolled and 


! nwelded Welded welded 


— 20 
Ww 


Ol 

04 § 
O4 
26 i 

26 20 30 


* Longitudinal, notch-bend tests 
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Welded plates—single bead, 10 ipm, 175 amp, E6010 
at the base of the 0.080 in. deep notch on 3 X 12-in. plate specimen. 
» Heats corresponding to A-201 specifications but manganese is high. 


McGeady 


Pressure Vessel Steels 


Transition at 2% lateral contraction measured 


i 

ASTM % 
Heat Spec Cc Vin 
2 0 
6 
8 
0.17 0.55 0.27 
0.17 0 50 0.21 120 
0.29 0.85 0.25 0 
0.24 0.58 0.20 0) 0 
0.32 0.73 0.20 10 140 
0.20 0 34 0.01 20 
0.37 0.01 1) 
0.17 0.78 0.04 20 th) 
0.25 0.37 0.01 - 60 120 
0.10 0.350 0.01 
0.13 0.32 0 
0.10 0.46 0 
0.08 0.47 0 q 
0.18 O99 
0.16 1.08 0 
0.17 1.10 0 
3-8 


transition temperature of a specimen from a given plate 
can be made and this only after detailed knowledge of 
the metallurgical characteristics. 

Many factors in specimen and testing conditions 
which influence transition temperatures have been 
recognized and studied and are not the subject of this 
report. Many factors which influence the transition 
temperature of steel and which are characteristics of 
the steel and its manufacture need to be recognized 
since these are the factors which cause dissimilarities 
among nominally the same steels and which make 
accurate prediction of transition temperature, at this 
time, impossible. Further, some of these factors, from 
a practical point of view, may be beyond the control of 
the steelmaker, and, still more, of the purchaser and 
fabricator. These interrelated factors are known to 
have an effect on notch-resistance : 


(1) 
(2) Manganese content. 

(3) Silicon content. 

(4) Phosphorus content. 

(5) Ferritie grain size. 

(6) Deoxidation practice. 

(7) Finish-of-rolling temperature. 
(8) Rolled plate thickness. 

(9) Normalizing. 

(10) Direction of rolling. 


Carbon content. 


Fabrication processes are known to affect the 
notched-bar behavior of steel and are taken up briefly 
here under the headings: 


1. Welding. 

2. Preheating. 

3. Postheating. 

preparation. 
Straining and aging. 


4 
Effect of Carbon Content 


Limits of carbon content are specified in A-201, A-212 
and A-285 firebox but for none of the other steels con- 
sidered here; but in those, carbon should normally not 
exceed 0.35%. 

It is generally acknowledged that high-carbon content 
in steel tends to cause high transition temperatures. 
In silicon-killed, laboratory heats, normalized, with 
ferritic grain size 7-8, Rinebolt and Harris™ show an 
increase in transition temperature, 15 ft-lb V-Charpy, of 
about 5° F per 0.01% carbon between carbon contents 
of 0.01% and 0.68°). Other investigators*® report 
similar results on quite a variety of low-carbon com- 
mercial plates, 

It has also been shown* on heats of A-291, A-212, 
A-283 and A-285 that high carbon content causes 
ductility transition temperatures to fall close to the frac- 
ture transition temperature. 


Effect of Deoxidation Practice 


As will be shown, the individual effects of manganese, 
silicon and aluminum have been investigated in labora- 


MecGeady 


Pressure Vessel Steels 


Table 7—Notch Ductility of Mild Steel Plates About | In. 


Thick* 
Charpy-V, 
No. of ° F,* 15 ft-lb 
Type of stee/ samples lemp. 
Mild steel 26 68 
Silicon-killed steel 18 40 
Low-carbon, high manganese 37 15 
Aluminum killed 19 5 
Mild steel, normalized 11 5 
Low-carbon, high manganese, normalized 4 —15 
Low-carbon, high manganese, aluminum- 
killed 45 — 350 
Low-carbon, high manganese, aluminum- 
killed, normalized 28 —85 


* Charpy keyhole 15 ft-lb values occur at about 35° F lower 
temperatures. The values presented are averages of widely 
scattered individual value. 


tory heats and are shown to have separate effects on 
transition temperature. There are also comparative 
data’ ” from production heats to show behavior of plate 
steels made to various deoxidation practices. These 
are shown in Tables 7 and 8 where it is indicated that 
silicon killing alone produces transition temperatures 
lower than those found in low manganese rimmed or 
semikilled plate but not as low as those of semikilled 
plates of high manganese content. Lowest transition 
temperatures are found in plates from heats deoxidized 
both with aluminum and silicon and containing high 
manganese, Vanderbeck”’ and Rinebolt and Harris’ 
find that killing with aluminum alone produces little im- 
provement in transition temperature. 


Effect of Manganese 

The effect of manganese in improving transition 
temperatures, especially when used to reduce the 
carbon content to keep the strength at a fixed level, 
was noted by Barr,"  " Honeyman, and Tipper et al. 
Investigating the effect of manganese in 0.30% carbon, 
silicon-killed laboratory heats, Rinebolt and Harris'’ 
show that 0.01% manganese lowers the transition tem- 
perature 1.0° F in the range 0.30 to 1.50° > manganese 
(V-notch Charpy data, 15 ft-lbs). MacKenzie’s data‘ 
on rimmed and semikilled steels show the same order of 
effect. Other investigators” © confirm the beneficial 
effects of manganese. 


Effect of Silicon 


Some of the effects of silicon have already been noted 
here (Tables 7 and 8). MacKenzie‘ reports that from 
a statistical study of production heats, silicon-killed 
steels, in plates */, to 1'/, in. thick, have transition 
temperatures, Charpy V-notch, about 20° F lower than 
rimmed or semikilled steels; he states, “Deoxidation 
with silicon has made a small improvement in the notch 
ductility." The Battelle’ workers report that the in- 
fluence of silicon apparently depends upon the amounts 
of carbon and manganese present and show convincing 
evidence that up to amounts of about 0.15%, silicon 
lowers the transition temperature about 5° F per 0.01°) 
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Table 8—Notch Ductility of Mild Steel Plates, 1 In. Thick” 


Probable T'ransi- 
ASTM No. tion (1 
class ‘fica- of lemp., 
Type of steel tion heats 
Semikilled: 0.23% C, 0.45% Mn 7 } +10-+45 
Aluminum killed: 0.23% C, 0.45% 

Mn +50 
Silicon killed: 0.23% C, 0.45% Mn ~! : 5-+10 
Si-Al killed: 0.16% C, 0.45% Mn ‘ — 5-+ 5 
Semikilled: 0.16% C, 0.75% Mn . : 35-— 10 
Semikilled: 0.16% C, 0.95% Mn — 45-— 20 
Si-Al killed: 0.16% C, 0.75% Mn = 55 15 


Note 1: Keyhole Charpy tests at about 15 ft-lb. Two to 


three positions tested in each heat. 


in Class B—A.B.S. semikilled ship steel; in greater 
amounts silicon may raise the transition temperature 
or not affect it. The effect of silicon should probably be 
considered along with the carbon content of the steel 
and the method of finishing of the steel in the open- 
hearth since only this will determine the extent of 
deoxidation of the steel." The failed ship steels tend to 
show an improvement in transition temperature with 
increased silicon up to 0.120. 
Effect of Phosphorus Content 

In data® on heats of A-201, A-212, A-283 and A-285, 
it has been shown that there is a tendency for increasing 
phosphorus contents of steel to cause higher transition 
temperatures even at phosphorus contents well within 
specifications. 

In an analysis of 68 heats of rimmed and semikilled 
steels of A-283 quality, MacKenzie‘ showed that in- 
creased phosphorus raises transition temperature 
Several other investigators” confirm these findings and 
tinebolt and Harris'* report that an increase in phos- 
phorus content of 0.01°% between 0.05% and 0.27, 
causes an increase in transition temperature, Charpy 
V-notch at 15 ft-lb, of 100° F. 

In the range of commercial importance, however, Bat- 
telle’® data show that the effect is not nearly so great, 
being about 10° F per 0.01% phosphorus in killed stee! 


and less in semikilled steels. This latter finding is in 
accord with that of MacKenzie‘ on A-283 type steels. 
The U. S. steel data in Table 4 indicate that phos- 
phorus may be helping to cause increased transition 
temperatures. The deleterious effect of phosphorus is 
also pointed out in the semikilled failed ship steels,” 


Effect of Austenitic and Ferritic Grain Size 

The steels referred to as ‘‘fine-grained” in this report 
are those normally having fine austenitic grain size 
under the conditions of the McQuaid-Ehn test; they are 
said to have “inherent” fine-grain and such charac- 
teristics are normally obtained through open-hearth 
aluminum additions. In as-rolled plate the size of 
the ferrite grains can be determined readily but nor- 
mally the size of the parent austenite grains cannot, 
However, actual fine-grained austenite tends to pro- 
duce fine-grained ferrite; austenite tends to be fine 
grained if reduction in rolling is heavy as in rolling to 
thin plate, if finishing temperature is low and if subse- 
quent cooling is rapid. Aluminum additions at the 
open hearth tend also to produce fine actual austenite 
grain size at the finish of rolling; thus the “fine-grained’’ 
steels tend not only to have smaller actual austenite 
grain size at the finish of rolling but also finer ferritic 
grain size in the as-rolled plate. 

Herty and McBride’ early recognized that “fine- 
grained” steels have better impact properties than 
“eoarse-grained’”’ steels and attributed this largely to 
the more thorough deoxidation of steel achieved with 
use of aluminum additions 

Epstein’s*! data, Table 11, shows the 20 ft-lb keyhole 
Charpy transition temperatures of A-201 steels made 
“fine-grained” to range from about —15° F to —50° F. 
Data from Table 10 on “‘coarse-grained’’ A-201 indicate 
a range of 20 ft-lb transition temperatures from —20° F 
to +20° F (15 ft-lb transitions occur at about 10° F lower 
than 20 ft-lb transitions*'). 

MacKenzie‘ has demonstrated the effect of ferrite 


grain size in his study of 68 commercial rimmed and 


Table 9—-Williams and Ellinger Data on Fractured Steel Plates from Ships 


Transition temperatures, 


Fracture 


15 ft-lb V-notch Charpy Chemical composition 
Range Average Vn Si 
Plate thickness, 0.41 to 0.69 in 
135 101 3: 0. 28-40. 55 0 4). 14 0.10 Source 
86 61 0.31-0.58 0.01 0. 007-4) Through 
00 is 28 0.34-0.55 0.01 12 0 006-4 kind 


designation 


thickness, 0.70 to 0.830 in 

0. 20-4). 54 0 f Source 
0.32-0.59 0.01 O08 Through 
0.37-0.55 0.02 O10 bend 


153 107 


thick ness, 0 SI to 1.50 in 

032-0. 66 023 j OO7-4 Source 

0 39-4.49 W540 Through 

0.34-0.49 01 005 0 bend 

All plates 

030 Source 
041 Through 
044 O13 bend 
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Plats 
6) - 0.21-0). 37 
89 62 0.17-).29 
33- 82 66 0.184). 24 
Plate 
62-144 100 0.21-0 29 
57-112 70 0.21-0. 30 
88 66 0. 13-0. 25 
102 0.27 
67 0.23 3 
60 0.22 | 
5-8 


Table 10—Miscellaneous Charpy Data on A-201, A-212, 


Coarse-Grained 
Transition 
Plate 
thickness, Li ft-lb 15 ft-lb 
Spec. Cc Mn Si in, keyhole V-Charpy 
A-201" 020 058 0.29 a/, 5 15 
A-201% 0.14 082 0.17 10 38 
A-21" 014 000 021 a/, 0 
A-201" O17 040 O18 — 40 
A-20i" 0.18 O44 0.20 5 
A-201" O.18 O44 O17 — 30 
A-212" 026 O81 O16 — 23 
A-212* 019 073 O19 


semikilled heats of A-283 quality. Change in ferrite 
grain size, ASTM, from No. 5 to No. 7 results in a lower- 
ing of transition temperature, 15 ft-lb Charpy V-notch, 
of 60° F; change to smaller grain size is much less effec- 
tive. Frazier," et al. report that the new Class C ship 
steels normally contain ferrite grains of ASTM No. 7 
and 8; these steels are also “fine-grained,” that is, the 
austenitic grain size is small as determined in the 
MeQuaid-Ehn test. Vanderbeck™ reports that in the 
keyhole Charpy test a decrease in ferrite grain size by 
one ASTM number results in a lowering of transition 
temperature of 20° F for silicon killed steels of about 
0.23% C, 045° Mn and a lowering of 30° F for semi- 
killed and aluminum killed heats. 


Effect of Finishing Temperature 


Epstein,”' Mackenzie,‘ and the Battelle group'* have 
reported extensively on the effects of finishing tem- 
perature on transition temperature. According to 
MacKenzie an increase in finishing temperature of 
A-283 type steels, ’/ to 1.5-in. plates, from 1475° F to 
1800° F causes an increase in transition temperature 
from —12° F to +54° F (15 ft-lb Charpy-V) with the 
thicker plates finishing hotter; if only plates of */,-in. 
nominal thickness are considered, a change in transition 
temperature from 12° F to 66° F occurs with a change 
in finish rolling temperature from 1665° F to 1925° F; 
in '/-in. plates a change in transition temperature from 
—24° F to +31° F occurs with a change in finish tem- 
perature from 1450° F to 1750° F and in 1-in, plates a 
change of transition temperature from 40° F to 110° 
F with a change in finish temperature from 1750° F to 


2000° F. Epstein’s data on fine-grained aluminum- 
killed ship plate show the same tendency but with much 
less effect of lowered finishing temperatures. The Bat- 
telle data" on fine-grained steels, */,-in. plate is in agree- 
ment with that of Epstein. 

The apparent disparity between the effect of rolling 
temperature on rimmed or semikilled steels and the 
“fine-grained” steels is easily resolved when it is re- 
membered that the rolling process continually breaks 
down the austenite grain size while the high tempera- 
ture tends to cause the refined grains to reform into 
large grains. In the “fine-grained’’ steels, however, 
the ability to oppose the refining action of rolling by 
re-formation of coarse grains is not nearly as strong as in 
the rimmed, semikilled, and silicon-killed steels and the 
evidence is excellent that low finishing temperature 
promotes low impact-test transition temperature due to 
grain refinement of the austenite and consequently of 
the resulting ferrite. 


Effect of Rolled Plate Thickness 


Thick as-rolled plates tend to have higher transition 
temperatures than thin as-rolled plates®* * due to the 
fact that grain size is broken down further by the more 
extensive grain refining in rolling thin plates, due to the 
lower finishing temperatures for thin plates and due to 
the faster cooling from rolling temperatures experienced 
by thin plates. This is borne out specifically for all 
five grades of steel taken up here.” (See Table 5.) 

An inerease in rolled plate thickness from '/, to |' 2 
in. results in increases in Charpy keyhole transition 
temperatures of about 20 to 40° F per '/, in. increase in 
thickness in several varieties of steels of the type 
studied here.” 

This is in agreement with Mac Kenzie's data. 
tudinal notch-bend plates show the same kind of be- 
havior.’ The failed ship data show the same trend. 


Longi- 


Effect of Normalizing 


The improvement in transition temperatures brought 
about by normalizing has been shown by several 
authors.® *"*? It appears that the amount of improve- 
ment that can be obtained depends pretty much on how 
poor the steel is as-rolled;* the lower the transition 


Plate % ~ 
No. C Mn Si Al 
59 0.69 0.25 0.025 
Ho Same heat as 59 
ol 0.15 0.70 0.22 0.034 
62 Same heat as 61 
63 0.16 0.75 0.22 0.019 
“4 Same heat as 63 
is 0.17 0.63 0.20 0.014 
0.17 0.70 0.21 0.018 
07 Same heat as 66 
68 0.17 0.74 0.24 0.023 
69 0.17 0.80 0.26 0.022 
70 0. 18 0.75 0.23 0.017 
71 0.88 0.15 0.035 


Table | 1—E€pstein's Data on ABS—Class C Ship Steel (Fine-Grained A-201) 


62,400 
63,450 


65,850 


Finishin Keyhole Charpy transition temp., 20 ft-lb 

Tensile® temp., ° As-rolled Normalized” 
60,750 1760 —42 

1530 — 45 

1675 —45 

1500 —35 

1690 — 38 

1500 — 36 
61,900 —21 
62,150 1675 —18 

1500 —30 
66, 600 —39 
63,200 39 
65,700 — 36 

— 42 Lower than — 100 


* All other physicals fall well within A-201 specifications. 


» Normalized these steels may be used according to ASTM A-300 specifications. 
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temperature as-rolled, the less improvement that results 
(See Table 5.) 


prising since if fine ferrite grain size has such a pro- 


from normalizing. This is not sur- 
nounced effect in determining transition temperature, a 
fine-grained steel as-rolled should not be expected to im- 
prove much if normalized; the change can be for the 
worse. 

In fine-grained aluminum-killed steels, which have 
high grain coarsening temperatures, Epstein’s data®' 
show that for the */;-in. plates, at least, lowered finish- 
ing temperatures do not drastically improve transition 
(See Table 11.) 

Klier,“ et al. show little or no improvement on nor- 


temperatures. 


malizing B and D ship plate steels which had initial 
10° F and —80° F, 
semikilled and killed steels respectively 

In 
haviors 
A-201). 


Effect of Welding 


The discussion on welding presented here is based 


15 ft-lb keyhole temperatures of 


Tables 11 and 16 can be found some of the be- 


of A-300 type steels (normalized A-212 or 


only on the results of small scale laboratory tests and is 
not intended to be an interpretation of those results 
applicable to structures. It is realized that the role of 
the weld in laboratory tests of welded plate may be 
quite different from that in actual structures. Labora- 
tory test methods generally utilize a notch in the weld 
area and force that area to initiate fracture even though 
the original weld was sound. In the case where a weld 
is involved in an actual structural failure a weld could 
operate as the source of a failure or could even act to 
help terminate a running crack if it had sufficient notch- 
toughness or might have no influence on the failure 


It has been pointed out by many authors 
that the history of brittle failures of steel plate struc- 
tures did not originate with the use of welding; many 
riveted brittle failure 
caused by low notch resistance associated with other 


whatsoever. 


structures have experienced 


factors. It is with these facts in mind that all results 
of notched bar tests involving weldments are presented. 

It has been amply demonstrated'**™ in full-plate 
thickness notch-bend tests that welds on plates result 
It has not been demon- 
strated on A-201, A-212, A-283 and A-285 that there is 
any way of predicting the transition temperature of 


in lowered notch resistance 


welded plates from the behavior of unwelded plates in 
longitudinal Also welded 1-in. 
plates have transition temperatures about 40° F higher 
than (See Table 5.) It has been 
shown™ on this same specimen that detectable micro- 


notch-bend tests. 


plates.* 
cracks occur after very slight bending with the cracks 
occurring either in the coarse grains of the heat-affected 
both hard heat-affected 
zones and higher carbon base plate encourage cracking 
It 


early weld area cracking is associated with high duc- 


zone or in the weld metal; 


first in the heat-affected zone was shown*® that 
tility transition temperatures and that a good relation- 
ship exists between either plate carbon content or under- 
bead hardness and ductility transition temperature. 
Thus, welding on heavy plates suffers from a dual dis- 
advantage: at equivalent weld heat input rates, the 
underbead on heavy plates tends to be harder and more 
brittle, this in addition to the tendency for thick plates 
to be more notch-sensitive than thin plates. 

welded 
plates, notched bend-testing causes early formation of 


weld with the 


Flanigan®* has shown that on low-carbon 


metal microcracks associated use of 


Table | 2—Structural Failures 


Tabulated from Shank? 


Failure 
temp 
—18° F 
30° F 


Structure 
Oil storage tanks 


GE hydrogen vessel 10° F 


Air: 
Water: 


Spherical vessel con- 
taining water 


Oil: 
Alr: 


Oil storage tank 


Water: 
Air: 


Crude oil tank in test- 
ing 


Water: 
Air: 


Air: 


Gas-oil tank in testing 


3 Empty oil storage 
tanks 

70° F 

30-40 

19-20 


Crude oil storage tank 
being filled 


Less than 15 ft 


18-27 
0-20 


15 ft-lb V-Charpy at 


Other 


Steel 
Si 
0.002 
0. 006 


Wn 
42 
51 
0.05 

0.01 

0.01 


b at 32° 


0.002 
0.002 


+10 to 


0.002 
0.002 
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Charpy keyhole impact tests 

F O° F F 

1. 3-11 5 1-2 0.29 

21-22 5 1-2 0.17 a | 
M.H.N 20 6 2 0.19 
2 25 11 j 2 0.21 f A-285 ae 
13 20 i4 2 2 0.21 0) am 
3. 20-30° F 

38° F 0 20 0.48 A-7 
70° F O° F 
43° F 3040 58 3-3.5 0.11 0.44 Q-285 
0° F 19-20 1-8 3-5 0.28 0.49 A-7 oe 
68° F 50° F 82° F 4° F 
5. | 40° F 18-30 5-12 3-7 3-4 0.16 0.54 ee 
30° F 12-22 5-15 5-9 3-5 0.21 0.56 A-7 
34-45 15-21 14-20 7-9 
104° F 70° F 32° F 
40° F 30-45 6-10 3-7 0.25 0.54 
‘7.4° F 30 6-8 0.22 0.62 A-7 

—10° C Probabls A-7 

25° F O° F ~25° F 

8. 5-8 3 2.5 O11 O44 | A-285 

4-8 3.5 2.5 0.28 0.49 A-7 : 
7-8 


cellulose coated electrodes and high cooling rates at low 
temperatures of deposited weld metal. 


Effect of Fabrication Processes 


Tér and Stout* have summarized the results of ex- 
tensive tests on heats of A-285 rimmed steel and A-201 
aluminum-silicon steel; these tests were conducted 
over @ five-year period under the auspices of PVRC at 
Lehigh University. Their findings on the effects of 
method of edge preparation, cold-forming, welding and 
heating are as follows: 

1. Edge shearing is more detrimental to notch re- 
sistance than flame cutting. 

2. Cold-work does not lower the notch resistance of 
steel nearly as greatly as does cold-work followed by 
aging. The steels were equally susceptible to strain 
aging. 

3. Welded specimens were more notch sensitive than 
strained and aged specimens. 

4. Cold-worked welded specimens were only slightly 
leas notch tough after being welded than were un- 
«trained specimens after welding. 

Gerhart® has recommended heat-treatment and 
forming data for boiler and pressure vessel steels. 


Strain-Aging of Pressure Vessel Steels 


It is well known™-” that plastic-strain alone lowers 
the notch resistance of steel and that upon “aging” 
after straining, in some steels further loss of notch- 
resistance oceurs. It is generally acknowledged that 
the more completely deoxidized steels show the lesser 
susceptibility to aging, during or after straining; per- 
haps these steels should be spoken of as “denitrided”’ 
also since present tendency is to ascribe the strain-aging 
effects to nitrogen rather than oxygen. Frazier" et al. 
in Charpy keyhole tests showed that on semikilled 
steels of 62-74,000 psi tensile, in the absence of strain- 
aging nitrogen raises transition temperature about 
10° F per 0.004°) nitrogen. Epstein™ says that nor- 
malized rimmed or aging steels are less susceptible to 
strain-aging after normalizing and, thus, that generally 
fine-grain steel is not as susceptible to strain aging as 
coarse-grain steel, 

Enzian and Selvaggio” in testing mild steel plates of 
A-7 quality report that the effect of nitrogen on strain- 
aging of steel is shown to be more severe by those 
tests and criteria which determine the fracture transi- 
tion temperature than by those which determine the 
ductility transition temperatures. 

Epstein says that the normal range of nitrogen con- 
tent in open-hearth steels is 0.003 to 0.006% and that 
room temperature solubility of nitrogen in ferrite is 
about 0.001°% maximum. Hence, there is room for 
aging due to nitride precipitation. Whether excessive 
amounts over the normal 0.006°) are important remains 
to be established, especially since there is little agree- 
ment on the importance of the fracture transition tem- 
perature which is the criterion which shows effects of 
strain-aging best. Enzian and Selvaggio® conclude 
that discrimination among steels of A-7 type based on 
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nitrogen content is not entirely justified. 

In extensive tests*' on heats of A-201, aluminum- 
silicon killed and A-285 in which specimens were tested 
in three conditions (as-rolled and aged, prestrained 5°7 
and aged, and prestrained 10° and aged, all strains in 
tension) transition temperatures in V-notched Lehigh 
bend specimens were raised for all aging treatments up 
to 1150° F, (most severely at 800° F), and normalizing 
Was necessary to restore or improve on the as-rolled 
properties, 


Effect of Preheating and Postheating Welds 


This subject has recently been reviewed by Stout’! 
who points out the benefits to be expected from either 
postheating or preheating. From the standpoint of 
increased notch ductility of weldments, any treatment 
which will decrease likelihood of weld cracking during 
fabrication or in subsequent service will promote im- 
proved performance, Stout has recommended, in 
this PVRC sponsored report, conditions of preheat and 
postheat for pressure vessel steels. Gerhart** has recom- 
mended heat treatment and forming data for Boiler 
and Pressure Vessel Steels. DeGarmo*? has recom- 
mended 400° F preheat as an effective substitute for 
1100° F postheat of low-carbon steels, welded with 
E6010 electrodes. 

Steels of higher carbon and manganese content should 
be most benefited by preheat or postheat treatment of 
welds since these are most likely to suffer underbead 
hardening. 


Correlation of Transition Temperature Criteria 


ASME Boiler Code Requirements are written in 
terms of Charpy keyhole notch-impact test data, 15 ft- 
lb being specified as the level of performance deemed 
satisfactory. Over the past several years, many other 
test specimens have been devised to test notch-sensi- 
tivity of mild steels; generally each specimen is devised 
to measure notch resistance according to some selected 
criterion, To date it has been impossible to get agree- 
ment upon the selection of a test specimen or a criterion 
and a level of performance to measure the transition 
temperature; this may still not be the time for any 
such agreement. Despite the fact that it is now 
generally aecepted that any notched bar specimen wil! 
rate steels in just about the same order as numerous 
other test specimens, provided rating is based on the 
same criterion in all specimens,®? there is still some 
question as to which criterion can be best related to 
satisfactory service performance. The argument now 
seems resolved down to energy absorption or ductility 
vs. fracture appearance. 

The Bureau of Standards data" on ship steels were 
given in terms of Charpy V-notch data. ASME 
Boiler Code' requires Charpy keyhole data. Neither 
test is suitable for testing welds (or so most people fee!). 
It is extremely difficult if not impossible to correlate 
data from these different test types. However, cer- 
tain facts have evolved. 

Generally, the 15 ft-lb V-notch Charpy transition 
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temperature occurs at about 35° F higher temperature 
than the 15 ft-lb keyhole Charpy transition tempera- 
ture.*' Similarly Charpy V-notch values of about 5 to 
10 ft-lb correspond to about 15 ft-lb keyhole values.” 

For fully killed steels, the energy begins to drop in 
V-notch tests closer to the fracture transition tempera- 
ture (50% cleavage) than in rimmed or semikilled 
steels.” This is true also in notched longitudinal weld- 
bend tests.’ 

In longitudinal notched bend tests,’ no correlation 
could be found between the temperature at which 
ductility or energy changed rapidly and the tempera- 
tures at which a fracture transition occurred, on either 
welded or unwelded plate; likewise no correlation be- 
tween fracture transition temperatures and other plate 
characteristics could be found, Fracture transition 
temperature (50% cleavage) is very insensitive to 
specimen type or geometry whereas ductility or energy 
transition temperatures are quite sensitive to these 
variables, 


Failure of a Horizontal Cylinder with 
Hemispherical Ends 


The following data on a failed tank intended for gas 
storage comes from W. F. Pearce,** Manchester, Eng- 
land. This tank, a horizontal eylinder with hemispher- 
ical ends, “failed while standing outside with no load 
or pressure on it. Constructional work had been sus- 
pended for about two weeks owing to brittle fractures 
having developed. After several nights when the mini- 
mum temperature had not been below 40° F, a series 
of cracks occurred, some of them with a delayed action, 
which gave the effect of machine gun fire. These cracks 
started in welds and ran into plates for varying dis- 
tances. The failures were not catastrophic as in each 
case the cracks came to a standstill in the plate material 
The interesting feature of this case is that the plates 
were all good quality judged by low temperature im- 
pact tests.”” Izod (Charpy V-notch type) values from 
three plates in the vicinity of one crack averaged 
46, 45 and 41 ft-lb respectively in the longitudinal 
direction and 24.7 and 12 ft-lb (two plates only) in the 
transverse direction in tests at —20° C (—5° F). Plate 
thickness was 14/3. in. Impact values of the plates at 
room temperature were about 10 to 20 ft-lb bette 
The steel was open-hearth quality. All tests made were 
on the cold-formed plate taken from the fractured ves- 
sel. No other details have been furnished. 


The Robertson Test 


T. 8S. Robertson® has described interesting test re- 
sults in a specimen designed to show the importance of 
steel temperature at given stress levels in stopping 
running cracks. A plate with a temperature gradient 
from liquid air upward to desired temperatures, notched 
at the liquid-air temperature side, is pulled in tension 


to a desired nominal stress and then is cracked from the 
notched side by application of a wedge at explosive 
Cracks produced run at high speeds, faster 


velocity. 


than 2000 ft per second, apparently allowing no adjust- 
ment in the applied stress until fracture stops. The 
temperature at the point where fracture terminates is 
determined from pretesting calibrations, The follow- 


ing data are given: 


A pplied > C, Tempera- 
naminal ture at point 
stress-tons of crack 

Material per aq in termination 
l-in, plate, 0.20% C, 1.40 Mn 15 12 
13 10 
10 10 
7 10 
5 36 
l-in. plate, 0.13% C, 0.97 Mn 15 - § 
13 § 
12 —42 
l-in plate, 0.31% ( 1.32 Mn 10 20 
7 20 
5 
‘/<-in. plate, 0.28% C, 1.02 Mn 10 s 


4/,-in. plate, 0.25% C, 0.87 Mn 16 110 
15 — 20 
10 —22 


Work on the same general type of specimen has re- 
cently been reported by Standard Oil Development Co, 
workers® on A-7, A-285 and A B S-Class C steels. 


Characteristic Behavior of the Five 
Subject Steels 


(A) As-Rolled Behavior 


An attempt has been made here to show that A-7, 
A-283 and A-285 steels should haye very similar ranges 
of transition temperatures and this because at the same 
strength level, they are very similar steels, all either 
rimmed or semikilled usually. If this is accepted, a 
range of transition temperatures from about —40° to 
110° F is found for these steels using 15 ft-lb energy 
absorption in the keyhole Charpy test as the transition 
criterion. High-carbon contents (high strengths), high 
phosphorus contents (within specifications), low-silicon 
content, low-manganese content, coarse ferritie grain 
size, heavy thickness of plate and high rolling finishing 
temperatures tend to cause transition temperatures to 
occur at the high end of this range 

A-201 and A-212 steels made normally for high tem- 
perature boiler service to coarse-grained practice are 
not expected to behave significantly better than the 
other steels although they are silicon killed. Only little 
information is available to substantiate this and none to 
contradict it. (See Tables 5,6 and 10.) If, however, 
A-201 steels are made to fine-grained open-hearth prac- 
tice (not normalized as for A-300 specifications) they 
exhibit transition temperatures of the order of 0° F 
to —60° F;*' this information is from A B 8-Class © 
steels which are practically the same steels as A-20I 
steels made to fine grain open-hearth practice. (See 
Table 11.) Table 10 does not indicate with any clarity 
that A-201 or A-212 steels behave any better or are 
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Table 13—Breakdown of Carbon Contents of Plate in Which 
Fracture Originated in Ship-Failure Study” 


Carbon No. of 
Group content 
0 14-0.19 
2 0 20-0. 23 
4 0 24-0 .27 
4 0 28-0. 37 


* All plates were involved in failures; 100% shown either 
allowed fractures to travel through or caused fractures to termin- 
ate. 


any more uniform than the less deoxidized steels. This 
is the only information found on steels specifically 
labeled A-201 or A-212. It would be very desirable to 
have mass data on these steels to draw more valid 
conclusions. 

Although it is commonly stated that improved notch 
resistance is gained in going from rimmed to semikilled 
to killed steels, this may not always be the case as wit- 
ness A-201 or A-212 steels (coarse grained) which do not 
have any marked superiority over semikilled steels. 
Nor is it easily seen why this should be despite the fact 
that they should be more uniform, made to more careful 
control, ete. Low-carbon content and fine ferritic 
grain size, preponderant factors in causing low transi- 
tion temperature are not characteristic of these steels; 
this is especially true for A-212 which tends to be higher 
in carbon content than A-201. Tests in two labora- 
tories rank the three steels A-285, A-201 and A-212, 
best to worst (See Table 15). However, the steels 
shown are of considerably different tensile strength 
and no other comparative data have been found. 
Table 6 does show that improved behavior is to be had in 
the lower carbon heats of A-201 and A-212. 


(B) Normalized Behavior 

Normalizing improves the behavior of A-201 and 
A-212 steels (they then meet A-300 specifications) over 
the anticipdted as-rolled transition temperature be- 
havior. In Table 16 are data supplied by U. 8. Steel 
Corporation, On 11 plates of A-201, from three heats, 
in thicknesses from 1'/, in. to 5 in., normalized transi- 
tion temperatures (15 ft-lb keyhole Charpy) from -- 50 
to —85° F were obtained; on 15 plates of A-212, from 


Table 14—Breakdown of Transition Temperatures, 15 ft-lb 
Charpy V-Notch, of Plate in Which Fractures Originated in 
Ship-Fracture Study 


Transition 


Group 


* All plates were involved in failures; 100% shown either 
allowed fractures to travel through or caused fractures to termin- 
ate, 
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four heats, transition temperatures from —35 to — 100° 
F were obtained. Ali plates were silicon-aluminum 
killed. 

The foregoing information confirms Epstein’s data 
on normalized A B S-Class C steels which are from 
*/,-in. plates; 20 ft-lb keyhole Charpy values were 
found at about —90° F which represents about 50° F 
improvement over the as-rolled plates. 


(C) As-Welded Behavior 

It has not been possible to predict the transition 
temperatures of welded-plate from the behavior of the 
as-rolled plate but correlations have been shown relating 
the weld underbead hardness or plate chemical analysis 
to test specimen transition temperature.* High plate 
carbon contents and high underbead weld hardness 
cause high transition temperatures in laboratory tests 
on welded specimens. Welding on normalized plate is 
not as deleterious as on as-rolled plate.* '* (See 
Table 5.) 


(D) Strained and Aged Behavior 

It is commonly stated that the more thorough the 
deoxidation of the steel, the greater the freedom of the 
steel from strain-aging; Sisco” states that what is good 
for notch resistance is good for resistance to strain- 
aging. Thielsch* says that there are many exceptions 
to the former statement. If it is assumed proved that 
strain aging is more likely in rimmed and semikilled 
steels, then A-7, A-283 and A-285 will be the most 
affected of the steels studied here. 


Lessons from the Ship Failure Data 


In Tables 13 and 14 are reproduced tables from 
Epstein®' based on data by Williams and Ellinger." 
These tables portray in an interesting fashion the need 
to keep carbon contents low in semikilled steels and as a 
result the accompaniment in lower transition tempera- 
tures, both factors which are instrumental in avoiding 
brittle failure. 


Table 15—Order of Performance of A-285, A-201 and 
A-212 Steels in 1-In. Plate® 


Transition 

Un-  temp., °F, Tensile 

Steel Cc Mn Si Al welded welded strength 

Lehigh bend test 
A-285 3 0.01 — 120 
A-201 0.21 —120 
\-212 : 3 0.21 + 10 
Kinzel test 

A-285 0.61 0.18 0.018 — 75 
A-201 9 0.55 0.22 0007 — & 
A-212 0.86 024 0008 — 


62, 665 
68 , 260 
76,760 


Lehigh test: Welds at 8 ipm, 175 amp, £6010. 
Kinzel test: Welds at 6 ipm, 225 amp, E6010. 


Summary 

|. The transition temperatures of the steel plates 
considered here depend on carbon content, ferritic 
grain-size, phosphorus content, silicon content, man- 


Researcn SupPLEMENT 


in which 

failure 

originated* 

0 

18.2 

21.2 

63.2 

% in which 

No. of failure 

2 69 22 9.1 

: % 70- 79 16 18 7 

4 80- 89 42.8 

5 90-109 7 57.1 

a 6 110-153 11 91.0 


Table 16—WU. S. Steel Data on Heavy Normalized Plates of 
A-201 and A-212 for A-300 Specifications 


All plates about 2'/, in. thick 


14 ft-lb 
% icid ke yhole 
Heat Cc Mn Si sol. Al temp I 
I 0.16 0.63 0.21 0.035 — 5O 
2 0.25 0.69 0.19 0 043 - §0 
3 0.23 0.70 0.20 0.043 - 65 
i 0.28 0.83 0.25 0 058 — 35 
5 0.26 0.75 0.18 0.047 — 70 
6 0.28 0.81 0.22 0.063 
7 0.28 0.84 0.26 0.060 — 100 


ganese content; and in a related way on open-hearth 
and rolling mill practice, all in a complex fashion 

2. Lowest transition temperatures are most uni- 
formly obtainable in steels deoxidized with both alumi- 
num and silicon. 

3. Silicon-killed steels have slightly better notched 
bar properties than semikilled steels of low manganese 
content 

4. All the steels studied here apparently can suffer 
from strain aging; the greater the degree of deoxida- 
tion, the less the tendency to strain age. 

5. Welding and other fabrication operations lower 
the notch-bar resistance of all the steels studied in 
laboratory tests. 

6. In laboratory tests, welding most seriously affects 
plate of high-carbon content. 

7. The transition temperatures of the steels studied 
here overlap to such a degree that it is not practicable 
to try to relate their relative performance behaviors to 
such temperatures 

8. If 15 ft-lb energy absorption in the keyhole 
Charpy test is necessary for safe pressure vessel steel 
performances at operating temperatures above —20 
F, there are many vessels in danger of failure but the 
relatively few reported failures suggest that design and 
workmanship or factors unknown in currently opera- 
ting vessels have successfully coped with most de- 
ficiencies in materials, whether the design and work- 
manship factors were acknowledged important at time 
of construction of these vessels or not 

9, In reports on failed pressure vessels, failure has 
been generally associated with brittleness of the steel at 
operating temperature at the time of failure. (See 
Table 12.) 
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BLISTERING AND EMBRITTLEMENT OF 
PRESSURE VESSEL STEELS BY HYDROGEN 


An interpretive report prepared under the auspices of the 
Materials Division, Pressure Vessel Research Committee 


of the Welding Research Council 


BY G. A. NELSON AND R. T. EFFINGER 


ABSTRACT. The nature of the damag- 
ing effects of hydrogen on pressure vessel 
steels varies with temperature and other 
factors, particularly the presence of cer- 
tain corrosives. At high temperatures and 
pressures, atomic hydrogen from thermal 
dissociation causes decarburization and 
general intergranular cracking. At low 
temperature, diffusion of atomic hydrogen 
by corrosion leads to blisters 
and isolated cracks (without decarburiza- 
tion). This is brought about by recom- 
bination within the metal to molecular 
hydrogen, which does not readily diffuse 
through the metal and accordingly builds 
up high internal pressures. 

Precautions to be taken against damage 
of both of these kinds are outlined for use 
in design, construction and operation of 
pressure veasels 


Introduction 


HYDROGEN under certain conditions 
has the ability to diffuse through solid 
steel. Dissociated or atomic hydrogen can 
diffuse into steel, through the steel, and 
out of the steel. In some cases, hydrogen 
leaves evidence that it had been present. 
The effects of this most interesting gas 
while temporarily present in metals have 
commanded the attention of many metal- 
lurgists, engineers and other investigators, 
and it is expected that in the future many 
more will further investigate the exact 
mechanism by which hydrogen travels 
through and affects the properties of 
metals, ‘The authors of this paper will not 
attempt to evaluate all of the theories that 
have been proposed to explain the mecha- 
nam by which hydrogen travels through 
steel, but will attempt to use the most 
important gleanings from technical papers 
which are most applicable to designers, 
fabricators, and users of equipment re- 
quired for many of today’s chemical proe- 
esses. Wherever possible, references will 
be made to pertinent papers which may 
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be further consulted, if desired. 

Both the temporary and permanent 
detrimental effects of hydrogen in metals 
will be discussed. This will include the 
effeets of high temperature—high pressure 
hydrogen as met with in hydrogenation 
and reforming processes and the effects 
of hydrogen in low-temperature plants 
where hydrogen is developed at the steel 
surface while being exposed to certain 
corrodents. The environments and the 
processes in which this high- and low- 
temperature hydrogen attack occurs are 
quite different, yet there are enough 
similarities to justify consideration of some 
phases in common and to point out the 
dissimilarities which must be taken into 
account in the construction of process 
plants. The effects of hydrogen in both 
types of processes will be described sepa- 
rately. Methods of protection against 
damage will also be discussed. While the 
facts are not complete, the interpretation 
of the data may orient the problem and 
point the way toward further investiga- 
tion, 


PART | 


The Action of Hydrogen at High 
Temperatures and Pressures 


Gaseous molecular hydrogen does not 
readily permeate steel at ambient tem- 
peratures even at several thousand pounds 
pressure. At low pressures, the gas can 
also be heated to moderately high tem- 
peratures without creating any damaging 
effect on steel. Hydrogen gas at very high 
pressures ind atmospheric temperatures 
can be handled safely in carbon steel 
cylinders and these are specified by the 
Intersiate Coramerce Commission for the 
safe transportation of the gas. However, 
when steels are exposed to high-tempera- 
ture gaseous hydrogen at high pressures, 
the steel is damaged; it loses tensile 
strength, becomes brittle and sometimes 
eracks and blisters. This damage is 


caused by hydrogen permeating the 
steel and reacting to form other gases.* 
For example, it may react with iron car- 
bide to form methane. The methane 
which is thus formed cannot diffuse out of 
the steel. The accumulation of methane 
within the steel leads to the development 
of high stresses which ultimately crack or 
blister the metal. 

The reaction of hydrogen with the car- 
bides in steel can be prevented by aiding 
to the steel any of the carbide-stabilizing 
elements, These are manganese, chro- 
mium, tungsten, molybdenum, vanadium, 
titanium, and columbium. Titanium and 
vanadium are particularly potent in small 
amounts in increasing resistance." All of 
the austenitic steels are resistant to high 
temperature hydrogen danage because of 
their high chromium content. The non- 
carbide-forming elements, such as nickel 
and silicon, have no effect in preventing in- 
terior damage to steels by hydrogen 
The presence of impurities and slag has a 
tendency to increase the degree of damage. 
When steel is contaminated with segre- 
gated impurities or stringy laminations, 
methane accumulates in these areas to 
cause severe blistering. Also, in the weld- 
ing of the steels to be used in hydrogen 
service, it is essential that sound, inclusion- 
free welds be obtained. Inclusion of 
gases in welds often results in cracked 
zones which can be traced to hydrogen or 
methane accumulation in these areas 
This phenomenon can oceur in unsound 
welds even when the alloy content of the 
steel is high enough to resist carbide re- 
duction. 

The effectiveness of carbide-stabilizing 
elements in steel has been evaluated by a 
survey covering a wide variety of commer- 
cial processes using hydrogen at high 
temperatures and pressures, From these 
data it has been possible to define safe 
operating limits for carbon and low-alloy 
steels. These limits are shown in Fig. | 
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which was originally presented with 
accompaning references to the ASME.‘ 
These data have been used as a basis for 
thedesign of many high pressure—high tem- 
perature hydrogen processes and in no 
instance, where the requisite alloy content 
has been adhered to, has hydrogen damage 
been reported. On the chart the lowest 
Cr-Mo steel shown is 1Cr-0.5Mo, Of 
recent years 0.5Cr — 0.50Mo steel has been 
produced for resistance to graphitization. 
It is expected that this type of steel will 
find a useful application for hydrogenation 
service, and while no operating data are 
available, it is believed that the limit for 
this steel will be midway between the limit 
for 0.5Mo and 1Cr —- 0.5Mo steel. 


Temporary Embrittlement 


In addition to the permanent damage to 
steels by high pressure-high temperature 
hydrogen, operators of hydrogenation 
plants are aware of a temporary but slight 
embrittling effect of hydrogen while a 
plant is in operation. This slight em- 
brittling effect is apparently of little con- 
sequence unless the part has been sub- 
jected to high stresses at sharp notches, 
such as the roots of threads. Failures of 
this type have caused breakage of certain 
highly stressed interior bolts. This has 
heen observed when plants have been 
opened for inspection, and it is seldom 
possible to establish the exact time of 
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Operating limits for carbon and 


HYDROGEN PARTIAL PRESSURE, Lb in’ 


alloy steels in contact with hydrogen at high temperatures and pressures 


failure However, properly designed the temporary effect created by hydrogen 
shells and pressure vessels have performed in steel is probably not the best term to 
satisfactorily under conditions where deseribe this phenomenon. Considerable 
appreciable hydrogen is diffusing through ductility still remains while hydrogen is 7 
the metal. Hydrogenation plant equip present in steel. Although steels charged 
ment operating at temperatures approxi- with hydrogen become somewhat leas i 


mating 1000° F in which the steel is known ductile than normal steel, they are not 


to contain absorbed hydrogen is cooled brittle’ in the strict sense of the word, 
from the operating temperature at a rats Phere is sufficient ductility remaining to ; 
of 50-75° F per hour and no breakages enable many processes in plants con- 
have resulted. This rate of cooling is ap tructed of steel equipment to operate 
parently slow enough to allow most of the normally Instead of calling this “‘hy- 
absorbed hydrogen to diffuse from the drogen embrittlement,” it is believed that he 
metal without leaving excessive embrittle- it might be termed as a temporary de- Ie 
ment, The piping in hydrogen plants crease in ductilit The degree by which ; 
should be designed to hold expansion ductility is reduced can be illustrated by . 


lable 1. which shows the differences in 


stresses to a minimum 


It is noted on Fig. 1 that the maximum elongation of steele before and after ex- z: 
pressure point recorded is in the order of posure to high-pressure hydrogenation. i 
12,000 psi. This covers the pressure range Hydrogen will diffuse out of steel even ! 
for processes so far developed. In the it ambient temperatures and thus the time 
future, other hydrogenation processes may factor of pulling bars after exposure to 
he developed wherein much higher pres- hydrogen is very important, It is known 
sures will be required. In a recent article," that if the bars are left for a sufficient 
it was reported that carbon-steel vessels length of time in air the hydrogen will be 
being tested with hydrogen at a pressure almost completely removed and the due- 
of 28,000 psi and at room temperature tility will then return to a normal high : 
failed in a brittle manner, This informa- level, Evidence has shown that if the if 
tion indicates that further work must be bars are annealed at 1200° F for 2 hr the 
done at pressures above 12,000 psi to de- ductility returns to normal, In another 
termine the embrittling and weakening test, steel burs charged with hydrogen re- 
effect of hydrogen even at low tempera- turned to normal ductility after approxi- 
tures mately 1 day at a temperature of 225° F. 

The term “‘embrittlement”’ as applied to Very little is known about the ductility of 
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Table 1—Results of Ductility Tests from Test Bars Inserted in Reactor Furnaces 
Exposed at Temperatures Up to 1000° F and Pressure of 3500 Psi 


Type of Steel Duration of teat, hr 

Carbon 4,000 
DM (1 3Cr-.5Mo 26 ,000 
é 4,000 
1,000 

14,000 

4,000 

14,9000 


Elongation in 2 in., % 


42 7 


26 
14 
26) 
10 
44 


steels while operating at the high tem- 
peratures exposed to high-pressure hydro- 
gen. Due to the fact that no brittle 
failures have been reported in hydrogen- 
resistant steels, this possibility has not 
been investigated, This is a possible 
project for further research to determine 
the ductility of steels while charged with 
hydrogen and at high temperatures. 


The Detaction of Hydrogen Damage 


The damage produced by exposure of 
steels to high pressure -high temperature 
hydrogen has been deseribed as decarburiza- 
tion accompanied by intergranular crack- 
ing. liven though the cracks are so small 
that they become visible only when viewed 
under & microscope, they are so numerous 
that their net effect produces a marked de- 
terioration of the physical properties, such 
as tensile strength, yield point and ductility. 
A completely decarburized and eracked 
piece of steel has a tensile strength in the 
order of 25,000 psi and no ductility as com- 
pared to about 60,000 psi tensile strength 
and elongation of about 30% in 2 in. ob- 
serve! in normal wrought steel. The 
strength of hydrogen damaged steel is 
roughly comparable to that of a weak piece 
of cast iron 

Figures 2 and 3 show the appearance of 
sections from the same piece of plain ear- 


Fig. 2 Carbon steel before exposure to hydrogen at high 


pressure and temperature. X 500 
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bon steel before and after exposure to 
high-pressure hydrogen. It is evident 
from comparison of the two photomicro- 
graphs that the carbon has been com- 
pletely removed from the affected steel 
and that it contains many intergranular 
eracks. There is also some evidence that 
the carbon has spheroidized and carbon 
has migrated from the pearlitic areas to the 
grain boundaries and there reacted with 
the hydrogen to form methane. This is 
illustrated in a high-power magnification 
(Fig. 4) of a piece of carbon steel after ex- 
posure to hydrogen. The sample shown 
was removed before complete decarburiza- 
tion occurred; thus, the appearance of 
ferrite, partially decomposed pearlite, and 
intergranular cracks is shown. 

There is actually no dimensional loss of 
the steel when it is affected by high-tem- 
perature hydrogen damage; in fact, a 
slight growth occurs. Since no apprecia- 
ble dimensional changes of an affected 
piece of steel occur, inspection methods 
other than visual or direct measurement 
are required. Several tests have proved 
useful for revealing the presence of affected 
areas, but the most reliable are of a de- 
structive type. 

The simplest test is a bend or flattening 
test. The normal ductility of low-carbon 
steels is such that a '/,-in. thick sample can 


be flattened through an angle of 180 deg 
without showing evidences of cracking. 
When a piece of hydrogen cracked stee! is 
subjected to this test, it breaks at a much 
lower angle of bending; in fact, it may 
break without any elongation. 

Macro etching by immersing a sample 
in & 1:1 solution of hydrochloric acid at a 
temperature of about 180° F for 20 min 
will reveal the presence of cracked areas. 

Steel which has suffered hydrogen dam- 
age by cracks or decarburization will have 
a lower Rockwell or Brinell hardness in- 
dicating the degree of sponginese. 

In addition to the above tests, tensile 
bar tests or micro examination will reveal 
the presence of weakened areas in the steel. 

In the inspection of operating equip- 
ment in hydrogen service, it may not be 
possible to obtain a large sample for any 
of the above tests. In these cases, it is 
sometimes possible to remove a small chip 
and have it analyzed for its carbon content 
to show how much this element has been 
depleted from its original level. 

Ultrasonic inspection is also useful for 
revealing the presence of microscopi 
cracks. When a beam of supersonic vi- 
bration is projected through a piece of 
perfect steel a distinct sharp reflection is 
returned from the opposite wall. If, how- 
ever, the inner wall is contaminated by in- 
tergranular cracks, a fuzzy or scattered 
signal is returned. Commercially avail- 
able instruments such as the “Sonagage’”’ 
or “Audigage”’ are used to perform such 
tests. This may prove to be an easy 
method for detection of hydrogen cracks 
however, it will not show the depth to 
which the decarburization and cracking 
have progressed. 


Preventing High-Temperature 
Hydrogen Damage 


Process equipment exposed to hydrogen 


Fig. 3 Carbon steel after exposure to hydrogen at high 


pressure and temperature. Note total decarburzation and 


fissuring. 
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at elevated temperatures may require 


the use of alloy steels or the use of speci il 
ized design and fabrication techniques 
As shown in Fig. 1, plain carbon steels are 
entirely satisfactory for hydrogen proc- 
esses which are carried out at fairly low 
temperatures and high pressure, or at low 


At high 


temperatures and high pressures increas 


pressures and high temperature 


ing amounts of alloying elements are re- 
quired to resist the decarburizing action of 
hydrogen. This interdependence of pres- 
sure and temperature upon the alloy con- 
tent of the steel influences the design of 
pressure vessels and piping 

In some high pressure-high temperature 
hydrogen processes it is the practice to use 
heavy-walled vessels of solid alloy steel 
If the alloy content of the steel is suffi 


Fig. 4 Carbon steel after exposure to hydrogen at high pressure and temperature. 
perature, 400-450° C; pressure, 2000 psi. 
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cient to resist the decarburizing action of 
the hydrogen, these vessels have proved en- 
tirely successful. The cost of solid alloy 
vessels, especially in large sizes, is appreci- 
able ind furthermore there is a limit to 
the wall thickness of vessele fabricated of 
solid illo steel To overcome these 
difficulties several unique construction 
tee hnique s have heen used 

Alloy steel-lined vessels have been de 
signed to withstand the most severe hydro 
gen environments. Liner material with 
sufficient alloy content will be resistant to 
hydrogen attack but hydrogen will still 
diffuse through the liner and accumulate 
between the liner and the plain carbon 
The diffusion of hy- 
drogen through the liner material varies 


steel strength shell 


with the alloy content and is dependent on 


Hours in service, 37848. 


x 1850 
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temperature and pressure. Work by 
Naumann® shows that at a pressure of 
300 kg per sq em (4300 psi) and a tem- 
perature of 300° C (572°F) that hydrogen 
will diffuse through a 5-mm thick plate of 
1% Cr steel at the rate of 0.5 ce/em*/hr. 
Under the same conditions 17 Cr steel 
permitted only 0.03 ce/em*/hr to diffuse 
through. It is evident from data provided 
by this method of testing that hydrogen 
will diffuse through chromium steels at 
rates which decrease regularly as the 
chromium content increases; however, if 
the alloy content is sufficient to resist de- 
carburization and cracking, one need only 
to provide for protection of the carbon 
steel strength shell from the hydrogen 
which could accumulate between the liner 
and the shell. To avoid the pressure 


Fissures 


Spheroidized carbides and depletion of carbon 


Ferrite 


Normal pearlite 


Note decomposition of pearlite. Tem- 
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conditions favoring attack of the carbon 
steel, thie hydrogen pressure can be re- 
lieved by venting through weep holes in 
the shell. The small weepholes do not 
appreciably affect the strength of the outer 
shell, 

Repeated experiences have proved that 
the areas of contact where a liner is welded 
to a earbon-steel shell, such as in strip 
lining or intermittent spot welding, are 
not sufficient to cause damaging amounts 
of hydrogen to enter the carbon steel 
Multiwall or layer-built vessels are easily 
adapted to this technique —the inner sheet 
being alloy with subsequent layers con- 
structed of carbon steel 

Another method is to use a solidly 
bonded inner liner of alloy sufficient to re- 
sist the hydrogen. This is applied to a 
carbon-steel or low-alloy backing. In 
this case, the liner is applied only when it 
is required for the purpose of resisting 
corrosives such as hydrogen sulfide, It 
is apparent in this construction that the 
hydrogen diffusing through the liner will 
affect the backing material, and it is there- 
fore necessary that the backing material 


be of such alloy content as to resist the 


Fig. 5 Hydrogen blisters on pressure vessel steel resulting from corrosion 
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effect of hydrogen which will diffuse 
through the liner material 

Since the damaging effects of hydrogen 
are dependent upon the temperature of 
the steel as well as the pressure of hydrogen 
in the process, some vessels have been con- 
structed of carbon ortow-alloy steel using 
the vessel wall as « heat transfer 
surface and thereby lowering the metal 
temperature to within safe limits. In 
exothermic hydrogen processes this type of 
construction not only reduces the need for 
alloy steel but also provides a means of 
temperature control and possible heat 
recovery 

Hydrogen charged steels as shown in 
Table 1 suffer a loss in ductility when 
cooled to ambient temperatures. There 
are no data to indicate if a similar loss in 
ductility occurs while the steel is at eper- 
ating temperatures, but it is considered 
good practice in the design of equipment 
for hydrogen service to avoid stress risers 
Sharp FECORRES , threaded connections, and 
rough welds are to be avoided as these may 
become focal points for high stress con- 
centrations. Welding should be of su- 
perior quality with near complete elimina- 
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tion of slag inclusions and blow holes as 
these may accumulate hydrogen gas or re- 
action products and promote cracking o! 
the welds. It is, of course, essential that 
the deposited weld metal be of at least the 
same alloy content as the plate 

Rapid temperature fluctuations a: 
be avoided. Hydrogen diffuses rapid! 


to 


through steels at high temperatures and, 
if the steel is cooled quickly, this hydrogen 
becomes trapped within the metal and will 
tend to accumulate at slag inclusions, dis- 
continuities, and grain boundaries to pro- 
duce high stresses within the metal 
These stresses may become high enough to 
cause blisters or cracks. Furthermore, as 
shown in Table 1, the metal becomes less 
ductile under these conditions and the 
expansion and contraction stresses may 
cause further permanent damage to the 
steel, In some hydrogen processing 
equipment, shutdown cooling rates of 
75° F max. per hour have been prescribed 


to avoid excessive contraction strains 


PART Il 


Hydrogen Attack Resulting from 
Nascent Hydrogen at Low 
Temperatures 


At ambient temperatures and in the 
presence of certain corrodents, hydrogen 
can permeate and damage steel. Al! 
though the environments in which this 
type of hydrogen attack occurs are quite 
different from those for high temperature 
high pressure hydrogen systems, there are 
certain similarities in the end result which 
are independent of the mechanism b 
which hydrogen enters the steel 

When hydrogen attack occurs at high 
temperatures and high pressures, the 
source of hydrogen is the gaseous hydrogen 
present as a major component in the 
process stream, This hydrogen is par- 
tially dissociated and the degree of dissocia 
tion from molecular to atomic hydrogen 
(H,*52H), increases as the temperature ts 
increased, The partial pressure of atomi: 
hydrogen in the gaseous environment 
causes hydrogen to be driven into the steel 

A somewhat parallel] situation exists at 
the surface of steel which is being corroded 
from an aqueous solution or other ionized 
liquid. In this environment nascent h 
drogen is liberated upon the surface of thi 
steel. The hydrogen originates as hydro 
gen ion (H*) in the ionized liquid and 
through a series of reactions the hydrogen 
ions are converted to atomic hydrogen (1H 
The chem- 


ical reaction to convert hydrogen ion to 


and molecular hydrogen (H, 


atomic hydrogen involves the transfer of 
electrons and may occur in intimate con 
tact with the crystals of the metal. The 
exact mechanism of these reactions is not 
clearly understood but it is apparent that 
at some step of the reaction a high concen 
tration, or activity, of dissociated, or 
atomic, hydrogen can be built up in the 
surface lavers of the steel. The high ac- 
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tivity of hydrogen upon the steel surface 
is maintained by the energy being dis- 
sipated through the chemical reaction 
causing the corrosive attack. 

An equivalent situation can exist when 
a piece of steel is made the cathode of an 
electrolytic cell. In this event the flow of 
current in the cell results in hydrogen ions 
in the solution being deionized to atomic or 
molecular hydrogen at the cathodic ste« 
surface The partial pressure, or activity 
of hydrogen upon the steel surface can be 
related mathematically to the voltag 
difference between the electrolyte and the 
steel, and the quantity of hydrogen pre 
sented to the steel can be related to the 
current flowing through the cell , 

The dissociated hydrogen accumulated 
upon the surface of a piece of corroding 
steel may be dissipated in several ways 
4 portion of the hydrogen may associate 
to become hydrogen molecules and bubble 
off the steel surface as hydrogen gas. In 
the presence of traces of air or oxygen or 
other oxidizing agents the hydrogen may 
react to form water A portion of the 
dissociated hydrogen may diffuse into the 
ateel (our present concern 8 on for 
this latter case where the dissociated hy 
drogen enters and damages the metal It 
is indeed fortunate that in the great ma 
jority of instances where steel corrodes, 
the conditions are not favorable to force a 
large proportion of the hydrogen available 
to the steel surface into the metal Even 
so, it is probable that whenever steel cor 
rodes in contact with water or water solu 
tions some quantity of hydrogen enters the 
metal, although in most instances this 
quantity is too small to damage the metal 


The Transmission of Hydrogen 
Through Steel 


Although hydrogen has an appreciabl 
solubility in steel at elevated temperatures 
the solubility at atmospheric tempera- 
tures is exceedingly low Data have been 
accumulated® which indicate that the hy 
drogen solubility in steel increases in direct 
proportion to the s juare root of the pres 
eure This is exact! us would be expected 
if one visualizes that only dissociated h 
drogen permeates steel Nevertheless 
the empirical relations developed can ac 
count for only a small portion ol the hydro 
gen which is known to exist in steel after it 
has been subjected either to strong corro 
sives or to electrolytic conditions whicl 
favor hydrogen penetration. When steel 
thus charged with hydrogen is warmed, a 
fixed volume of hydrogen will be evolved 
at any particular temperature and appar 
ently a stable state will be reached If 
the metal is warmed to a higher tempera 
ture, additional hydrogen is again liberated 
and ipparently another stable state is 
reached The total quantity of hydrogen 
recoverable from a unit mass of steel is 
markedly influenced by such factors as the 


severity with which the steel is charged 
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Fig. 6 Section cut through hydrogen blisters in pressure vessel steel 


with hydrogen and by the degree of cold 
work which has been performed upon the 
metal. Thu is impossible to say that 
dissociated hydrogen has a specific solubil 
ity in steel at atmospheric temperatures 

There ippears to be imple evidence that 
the transmission of hydrogen through steel 
occurs through the grains of the metal 
D. P. Smith* postulates that monomolee 
ular dissociated hydrogen travels through 
“rifte’’ in the steel lattice. These are 
visualized as planes of discontinuity in the 
crystal and may be associated with th« 
slip planes in a deformed ferrite crystal 
Hydrogen permeates cold-worked steel 
much more readily than hot-rolled or an 
nealed steel. The density of cold-worked 
steel is less than the density of hot-worked 
or annealed steel, and thus it can be pre 
sumed that the cold-worked metal con 
tains more interstices in the lattice 
atructure 

Energy is required to force hydrogen 
through steel. This driving force is 
furnished by the hydrogen concentration 
gradient from the surface into the metal 
and is related to energy of the corrosion or 


electrolytic cell It is possible to equate 


the empirical equations for pressure ve 
hydrogen penetration with the emf of an 
electrolytic cell.® Such calculations indi 
cate that the driving force of a fraction of a 
volt in an electrolytic cell is equivalent to 
many thousand atmospheres of hydrogen 
pressure. This is demonstrated by the 
internal pressure of hydrogen built up 
at discontinuities inside the steel. This 
accumulated hydrogen pressure can liter 


illy tear the metal apart 


The Effect of Hydrogen in Steel 


All corroding steel contains some hy 
drogen. In many instances, the rate at 
which hydrogen is being forced into the 
metal is vw enough that it can diffuse 
through the metal and cause no damaging 
effecta. If, however, the corrosive action 
is sufficient and the surface of the metal 


is in such condition that it readily absorbs 
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nascent hydrogen, detrimental quantities 
of hydrogen ean be built up inside the 
teel 

Perhaps the most striking outward 
demonstration of hydrogen damage is the 
formation of blisters within the metal. 
Figures 5 and 6 show typical blistered 
steel plate. Blisters may form inside the 
tee! where hydrogen accumulates at a 
discontinuity such as a lamination or small 
lag inclusion. The hydrogen which can 
rccumulate in these points associates to 
form molecular hydrogen, and, since there 
is no appreciable dissociation of this gas 
in the void, it cannot eseape. As hydro- 
gen gas continues to accumulate at these 
points, the metal is ripped and torn along 
the line of the lamination or inclusion and 
promotes a swelling apparent upon the 
surface of the metal. The size of such 
blisters is influenced by the rate of hydro- 
gen accumulation and the frequency and 
distribution of discontinuities in the metal. 
In a relatively clean steel, the blisters may 
be pinhead size, whereas in severely 
laminated plate, blisters several square 
feet in area have been observed. The 
pressure inside a blister will depend upon ite 
configuration and the strength of the 
metal Many moderate-sized blisters 
have been punctured and the escaping gas 
pressure has been measured to several 
thousand pounds per square inch Analy- 
ses of the gas indicate that it is essentially 
pure hydrogen.’ 

The same internal pressures which can 
form blisters in a piece of dirty steel plate 
can also form fiseurelike cracks in castings 
or in steel plate where the inclusions are 
not oriented in the direction of rolling. 
Such fissures appear as fine hairline cracks 
upon the surface of the metal and are often 
oriented perpendicular to the lines of 
greatest strai Figs. 7 and 8). Such 
fissures are tremely difficult to locate as 
the crack upon the surface is extremely 
fine They may be more dangerous than 


jlisters in that they cause & maximum 


weakening effect upon the steel. The 
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Fig. 7 Photomicrograph of fissured steel plate. Note that in this section the crack 


has not progressed to the metal surface. 


location of fissures can be detected by 
magnetic particle inspection or by etch 
ing the surface of the steel with 50% 
hydrochloric acid. In pressure vessels, 
such fiseures may be particularly prevalent 
in and adjacent to welds (Fig. 8 

\ piece of steel loaded with hydrogen 
shows some loss in ductility when tested by 
many method employing " slow rate ol de- 
formation, such as a bend test or the cone 
ventional tensile test Loss in ductility 
ix not readily apparent either by hardness 
measurements or by rapid notched break 
texts such as the Charpy or Izod teata. 
The results in Table 2 demonstrate the 
loss in ductility of mild carbon-steel bars 
Other 
tests have indicated greater loss in ductil 


when charged with hydrogen 
ity, especially when high-strength steels 
are tested in this manner Hydrogen will 
escape from a piece ofl steel when it is 
heated for even a few minutes or even at 
ambient temperatures where the steel is 
left for a few hours or days. The duetility 
will return after the hydrogen has eseaped 
Thus if specimens are removed from a 
vessel suspected of being permeated by 
hydrogen, it is important that ductility 
teste be made quia kly after the steel is re- 


moved from the corrosive environment 


Table 2—Results of Ductility Tests from 
Carbon Steel Charged Cathodically 
with Hydrogen’ 


H ydroge 


content KHlongation 


ppm in lin., 
0 10 
2 42 
6 20 
10 
14 22 
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x 100 


The combined effect of fissures and the 
loss of ductility in steel subjected to nas- 
cent hydrogen may be particularly 
hazardous in that a brittle fracture can 
oceur. This has occurred in at least two 
pressure vessels under operating condition 
and, although in these instances no per- 
sonnel injuries resulted, it is conceived to 


be a potentially hazardous condition 


Detecting Potential Hydrogen-Active 
Environments 


The reactions which cause hydrogen to 
permeate steel are dependent upon many 
chemical factors in the environment 
The complexity of the solutions involved 
and the difficulties of accurate chemical 
analysis and interpretation make it diffi- 
cult, if not impossible, to predict with 
certainty whether hydrogen attack will or 
will not occur. A simple hydrogen probe 
has been developed to detect those envi- 
ronments conducive to hydrogen damage.* 
The construction of this instrument is 
shown in Figs. 9 and 10 

These probes may be installed in oper- 
ating or test equipment, and the penetra- 
tion of the outer steel tube by hydrogen 
causes the pressure to increase inside the 
probe. Thus, changes in the corrosive 
environment which may influence the rate 
of hydrogen penetration may be studied 

Another simple device which has proved 
useful? is a plain sheet steel can, painted on 
the outside with rubber base paint. If a 
corrosive aqueous solution conducive to 
hydrogen attack is placed in such a painted 
ean, small hydrogen blisters form under 
the paint film. A semiquantitative com- 
parison can be made from observing the 
time for blisters to form in the paint film 


and the frequency of the blisters formed 
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Examples of blistered paint films= are 
shown in Fig. 11 


Factors Promoting the Permeation of 
Steel by Hydrogen 


There must be a concurrence of event 
for damaging quantities of hydrogen to 
permeate stec] 

1. There must be « continuing source 
of nascent hydrogen supplied to the meta 
at an appreciable rate 

2. The nascent hydrogen must be pre 
sented to an active surface of the steel 
This surface must be of a nature which 
favors the penetration of dissociated hy 
drogen into the metal rather than thu 
association of hydrogen to form molecu 
hydrogen gas. Traces of sulfides, arseni: 
antimony, phosphorus, ete., favor the for 
mation of such active surfaces. 

In low-temperature hydrogen attack, 
the source of hydrogen is from hydrogen 
ions existing in an ionized medium. In 
most instances liquid water is the ionizing 
medium. The energy necessary to force 
hydrogen into the metal can be supplied 
either by the energy of the corrosion rea: 
tion or by an electrical cell in which th 
steel is the cathode. In most instan 
hydrogen damage, the energy is supplied 
from a corrosion reaction. The rate of 
corrosion need not be great to supply suff 
cent energy to cause hydrogen to per 
meate steel and cause it to be damaged 
In many instances, corrosion rates « 
as 5 mils per year have been sufficient to 
provide damaging amounts of hydrogen 
in the metal. 

It is fortunate that in many instances 
where steel corrodes the surface of the 
steel does not favor the permeation of 
hydrogen. The hydrogen which is liber 
ated upon cathodic areas is often reacted 


with dissolved oxygen or other oxidizing 


agents or the cathodic area may be so con 
ditioned that it favors the association of 
hydrogen upon its surface to form mole 
ular hydrogen gas which then bubbles off 


Various components present in the corrosiv« 
aqueous solution promote the permeation 
of hydrogen into steel. For exampl 
even small traces of sulfide, antimon 
arsenic favor the occlusion of nascent | 
drogen A piece of steel immersed in di 
lute mineral acid, such as hydrochlor 
phosphorie acid, will be rapidly corrode: 
but only a very small portion of the hydro 
gen liberated upon the steel surface will 
permeate into the metal. If the same 
solutions are contaminated with sma! 
traces of sulfide, damaging amounts 
hydrogen will be forced rapidly into th. 
steel. Hydrogen damage has been o! 
served in industrial equipment handling 
water 


hydrogen sulfide and mixtures 


strong sulfuric acid, and hydrofluoric 
acid. Hydrogen sulfide and water mis 
tures are met with frequently in petroleum 


refining equipment. Sulfuric acid is used 


in various petroleum, petrochemical a: 
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Fig. 8A A welded steel plate showing cracks and fissures adjacent to 
chemical industries, and inhydrous hydro resistance the austenitic steels mav be 
fluoric acid is used in alkylation and othe due to their superior corrosion resistance in 
chemical processes environments vhere carbon steel is 
For damaging quantities of hydrogen to wtively corroded and damaged by hydro 
enter the metal, the hydrogen must pass yen The behavior of austenitic steels 
through the metal unabated for a consid while charged with hydrogen could bear 
erable period of time Phis is equivalent further investigation 
to saving that the corrosion or other elec 
trolytic process supplying the hydrogen Crack 
must not bn stifled orn corrosion 
reactions, for instanes ma start on i 
clean metal surtace at at ippreciable rate 
but gradually become stifled This can 
oceur either by the build-up of resistant 
films, or by secondary polarizing reaction 
which can occur either at the inodt or 
ithodic areas Such corrosion causes 
little or no hydrogen damage if the period 
of time during which drogen is passing 
into the metal is very short 
The metal surface upon which nascent 
hydrogen is formed must be ipable of 
being permeated tb the dissociated nas 
cent hydrogen All grades of carbon and 
alloy steel fit this condition Differenes Crac 
permeability in various steels are on . 
matter of degre The damage \ 
occurs will be influenced by the cleanline , 
the steel For ripple conventiona 
med carbon steel is isceptil 
blistering due to its heterogeneous natul 
ind the kelihood hblowholes, slag 
usions ind stringer \ 
u ed ‘ isceptible t 
ng, Dut, neve ol ! roger 
pe eate the met ind fissure and 
On luctilit Althoug! e  ferriti 
grace f stainte re ldom 
tered, the nia evere nt 
ind may fissure and ost 
manner The iustenit ol stair 


steel have beet 
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hydrogen damage purported 
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Protection Against Hydrogen 
Damage Resulting from 
Corrosion 


ticipated from the above 


ures which can be 


ctors which promote 


Fig. 8B A welded steel plate showing cracks and fissures adjacent to the weld 
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Fig. 9 Hydrogen probe 


penetration of hydrogen into steel would 
be effective in overcoming the damage 
For example, if all water is eliminated from 
the system, an aqueous corrosive medium 
cannot exist; or, the corrosive agents in 
the water phase may be neutralized or ex- 
tracted, and thus the corrosion is elimi- 
nated and there is no longer a source of nas- 
cent hydrogen. Likewise, if the metal 
is insulated from the corrosive environ- 
ment, or if the steel surface is modified by 
the use of inhibitors, either the corrosion 
reaction will be eliminated or the surface 
of the steel will be modified in such a man- 
ner that hydrogen may be depolarized and 
the metal Of 


course, the use of a completely corrosion- 


thus will not permeate 
resistant metal accomplishes the same 
thing, but to fabricate all processing 
equipment exposed to conditions favoring 
hydrogen attack with expensive alloys is 
not feasible 

Protec tive linings have been used inside 
vessels subject to corrosive action. In 
several instances, */, to 1'/, in. of gunite 
conerete lining have been used. These 
linings effectively protect the underlying 
metal and appear to have a long life ex- 
pectancy provided the processing stream is 
alkaline in nature. In acidic environ- 
ments, the concrete is deteriorated, and 
depending upon the severity of the condi- 
tions, cannot be « xpected to provide good 
protection for the underlying steel for 


periods of more than a year or so 
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Carbon steel or alloy steel liners have 
proved effective in steel equipment where 
damage Completely 


resistant liners of Monel, Type 304 stain- 


hydrogen occurs 
less or Type 316 stainless steel have been 
installed with good success in fractionating 
columns, condensers and accumulators, 
and, if they are properly installed, can be 
expected to provide many years of trouble- 
free service. The lining of steel pressure 
vessels with a thin carbon-steel sheet has 
provided a relatively cheap and effective 
means for avoiding damage to the vessel 
The carbon-steel liner is allowed to blister 
and fissure, and, although after a period of 
time the liner may become severely dam- 
aged, it will still provide protection to the 
shell. It is necessary to vent such linings 
to allow the escape of hydrogen which will 
accumulate between the lining and the 
vessel wall. In some instances small 
weep holes have been drilled through the 
heavier vessel wall to vent this enclosed 
space 1 rials have also been made where 
vent holes have been provided through the 
lining itself Although in such instances 
the corrosives may penetrate behind the 
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lining, apparently the corrosion reaction is 
quickly stifled in this small enclosed space 
and no severe damage occurs to the vessel! 
wall. Weep holes through the internal 
lining should be extremely smal! and few 


in number to avoid the possibility of ap 
preciable circulation of the corrosiy 
hind the lining. 

By far the greatest number of instances 
of hydrogen damage have been observed in 
petroleum- and equipment 
exposed to the corrosive action of hydro 
gen sulfide-water solutions As the O 


nomic loss from this cause has been appré 
ciable, this system has been studied in 
greater detail than other instances where 


hydrogen attack occurs in sulfurie or 
hydrofluoric acids. Solutions of pure 
hydrogen sulfide in distilled water will 


cause active hydrogen penetration ol 

Even under conditions where the hydrogen 
sulfide is neutralized with ammon " 
strong caustic, hydrogen attack may be 
severe. In studying these effects, labora 
tory and plant trials have been made 
wherein the pH of the corroding solution 


has been varied from strongly acidic to 
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Fig. 10 Construction details of hydrogen probe 
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strongly alkaline These tests ind le 


that the corrosion reaction and accon 
panying hydrogen damage can be sever 
at either end of the pH scale and drop t 

minimum in the neutral range of pH 68 


7.2 In the aikaline range the prese! 


evyanides which commorni occur 
cracked petroleum products, great! ig 
gravates the rate of orrosion and re i 
in severe hydrogen damage One 1 

ol minimizing this effect has been to water 


wash the hydrocarbon streams with 


ous quantities of water in an effort to « 


tract the cyanides and reduce the pl to 


the neutral range In practice Unie 


amount of water required to do this is es 
cessive and the benefits which are gair 

are not complete in that residual corro 
sives remain inthe tream Althoug! 


the pH may be controlled directly dow: 


stream of the point of water-w ishing, tl 
pH of overhead streams in subsequent di 
tillation operations may vary widel 


causing the objectionable corrosion rea 
tions to occur in new locatior 

\ more complete examination of the 
corrosion reactions has resulted in a more 


practical me thod for controlling hydrogetr 


ittack in alkaline solutions.? This entai 
the use of ammonium pol sulfide i! 
inhibitor for the sulfide rrosion react 
Ammonium polysulfide also reacts itl 
snides which may be present to produce 
thor nates which, in dilute solution, are 
not active promotors of the corrosiot 


tion Most cracked hydrocarbon str 
contain, in addition to hydrogen sult 
ind cyanides, appreciable quantitic 
ammonia, carbon nel sore 
ganic acids, In general, water dra rt 
from equipment processing t 


cracked petroleur kaline 7 
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rrosive action that might lead to active 
hvdrogs 

» Unless the hydrogen diffusion proe 
the point where cracks are 
develope e temporary loss of some 
lucti ith types ol plants is ap 
yhen | ire vessels are designed, partic 
ular car hould be taken to avoid notch- 
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STAINLESS STEELS—WELDING SUMMARY 


liffects of alloying elements, welding 


characteristics of the commercial austenitic, 


marlensilic and ferritic stainless steel 
grades, recommendations of electrodes, 
preheat and postheat treatments 


BY HELMUT THIELSCH 


Introduction 
The desirable chemical, physical and mechanical 
properties offered by the various types of stainless 
steels produced commercially have been responsible 
for constantly increasing their applications as materials 
used by every type of industry in its process and 
structural equipment 

Ordinanly, two major groups of stainless steels are 
produced commercially. One group contains chro- 
mium as its principal alloying element in quantities 
(\lloys in the 


second group also contain a high percentage of chro- 


ranging from approximately 11 to 30°; 


varying between about 18 and 35°), and in addi- 
One of the 


tion, contain between 6 and 36°) nickel 
primary differences between these so-called chromium 
grades and the chromium-nickel grades is in their 
metallurgical structure. The chromium stainless steels 
have primarily either a martensitic or a ferritie strue- 
ture The chromium-nickel stainless steela are essen- 
tially austenity 

Kach of these structures will give the stainless steel 
certain basic characteristic properties, which may vary 
widely, and which will make the steel suitable or un 
suitable for a particular type of fabrication or for an 
intended service. Ordinarily, the austenitic structure 
is strong, ductile, tough and nonmagnetic: the marten 
sitic strneture is hard, brittle and magnetic and gives 
the steel a high elastic limit: and the ferrifie structure 
is «soft, duetile and magnetic Another important 
difference is that the primarily austenitic chromium 


nickel stainless steels have a high thermal expansion 

Heimut Thielsch ‘ Assistant, Welding Researet 
(‘oune New York, N. ¥ w Metallurgical b.ingineer, Grinnell Co., Provi 
lenee, I 

thi ed na the auepiees of the Literature Advisory 
(or ittee tl W ing Research Couneil Doan, Chairman; 
8. Fuller, L. er, C. BE. Jackson, E. M. MaeCutcheon, R. F. Miller 
W. Spraragen, David Swan, Kh. David Thomas, Jr J. L. Walmeley and Hel 
mut Thielach, Seereta 

ine primarily to the selection of stainless steel filler 
metals and their welding characteristics The various welding processes 
and | ree u a etainloes steels have already been summarized 
in an ear review Alt) rh at one time or another a great many differ 
ent tyt tainl eels have been produced commercall or exper 

mentall nly tl jor « meroial ty pee and their welding characteristics 
are cline i Detailed inf sition on the physical and welding metallurgy 
of variow mmercial and experimental alloys can be found in a series of 


correlated literature reviews published eartier ' 


Thielsch 


Stainless Steels 


about 60°, greater than that of mild steel, whereas 
the martensitic and ferritic chromium stainless steels 
have a coefficient of expansion about 10°% less than 
that of mild steel. These characteristies have to be 


considered in design and fabrication. 


Austenitic Chromium-Nickel Stainless Steels 


The austenitic structure is not changed significant|y 
by heat treatments. Thus, the majority of the com 
mercial austenitic stainless steel alloys available can be 
hardened only by cold working. The only exceptions 
are a few age-hardening grades usually alloyed with 
small quantities of aluminum or copper 

\ small amount of ferrite (usually less than 10°; 
may be present in the metallurgical structures of some 
of the primarily austenitic stainless-steel graces. The 
amount of ferrite largely depends upon the alloy 
balance, particularly on the chromium-nickel ratio 
but may also be influenced considerably by certain 
rontent 


In weld 


deposits, the presence of this ferrite phase is often 


alloying elements. The higher the nickel 
the smaller is this amount of residual ferrite 


desirable since it reduces the cracking susceptibility of 
the weld metal. On the other hand, the hot forming 
characteristies and the elevated temperature creep 
strength may be reduced by the presence of this ferrite 


phase. 


Chromium Stainless Steels 


The chromium stainless steels (also called th 
straight chromium stainless steels) are generally sep 
arated into two further subelassifications: (1) the 
martensitic stainless steels and (2) the ferritic stainle- 
steels 

The martensitic or hardenable stainless steels usa 
Although these 
grades may be made ferritic by suitable heat treatments 
between 1200 and 1400° F (650 and 760° C), they ar 


primarily martensitic when cooled in air or wher 


contain up to about 14° chromium 


quenched into a liquid medium from temperatur: 
above the critical range [above about 1500° F (815° ¢ 


Researcu 


Table 1—E€ffects of Alloying and Residual Elements in Stainless Steels 
/ i 
We j To 
/ { j elevate pro lo 
é lu the m prove 
forma erta grain machin- 
ent tior ) { phere ize ability 
4 } 
Be 
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Chro 
Col 
Columbium Mi Ml 
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Nicke \l 
Nitrogen 
Phosphorus 
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sullul 
Pantalum Mi M \l 
litanium Ss M \I 
y 


lung tel W \I 


Iiffectiveness: strong, M medium and W 

Added with titanium to produce age-! lening and ¢ ted 

In part due to carbide formation which neutralizes ef ts 0 

Claimed to delay sigma formati gi 

Improves resistar etor rouriz 
Mlaximum harcde yo d irl tamed by 
Irom temperature ibove 1750 | You ( oom 
temperature Phu these to may be | le | 
ind tempered like ordinary bole ad 
alloy teels 

leel ul bil ‘) il et 
IS and 30% chromium. Since these steel ho 0 
iv fieant transformation on heat y ol tr 
essentially territi he il be h lened 
only by cold working. « cept ) ght precip 
harde lig characteristh how me type 

Between 14 and hromiuw epara 
twee the marte itie and ferrit in r toe { 
ation Is appl ind depend thi 
yosition of the particular stamle grade, prima 
carbon content Chu i high carbe ontent ha 
in the cutlery stee ype 440, results in a hard 
it tructure With a lower irbon content tl ‘ 
vould be primarily ferritic, as i Type 430 
vddition of aluminum also make the esse! 
tialiv fermtic it a omewhat ower chromium 
11.d-13.0% C1 ontent | 1M () the 
ther hand 1 to ekel make stee| tinily 


martensitic, as 431 

Although fin in the chromium conte! thie 
lerrith teels Improve the resistance LO 
eorrosion and to o dation at ited empel 
the mechanical propertt it oom temperature ure 
generally reduced Above a chromium content of 18% 
the low-carbon fully territ hromin t 
steels become relatively note! ‘ tive it m 
temperature 
Alloying Elements 

(Certain alloying elements may be added to provide a 
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Stainl 


emperature trengtl 


arbo 
taint ster th particular mechanical or physical 
properti mid t wrease the service life of the steel 

particu ronment Within the austenitic, 
he of aitlers ments b responsible 
for the ton eparate grades 

Che major functions pi lat by the various alloying 
elements are ‘ \ detailed dis 
ussion of the effect ‘ iousiy, 


Welding the Austenitic Stainless Steels 


Che commo mer nd cast chromiuium- 
ire givel Fables 2 and 3. respective Phese grades 
ire ready veldable iny of the major welding proe 

4 


Carbide Precipitation 
he mothe 


pO ed during fabricati the temperature 


ommo steels are ex 


inge between YOO and and BIS° the 
irbon tend oOdgiiiuse to the ! boundanes and com 
bine hron omium-carbide par 
ticle I} proce KI nlerqranula carbide 
preciptlatior md tan in Which it has 
occurred usua bese ei ensitized by the 
exposure in the zing temperature range 
Che precipitat these ium-carbide particles 
at the grain bound es reduce the resistance of the 
ter ert id usually ACG UCOUS 
OTTOBIVe Since the orrosive attack occurs 
preterentiall i he gra ! dare it is generally 

4 weld joint ‘ 
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Table 2—-Composition and Welding Recommendations for Common Commercial Austenitic Stainless Steel Grades Recognized 
by American Iron and Steel Institute (AISI) 


Welding 


recommendations 
de signa Popular Chemical ¢ om position recommended 

tion demgnation* Cy Ni Other elements electrode} 

17-7 0 08-40. 20 16 O-18.0 608.0 308 

Is 0 ORD). 20 17 0-19.0 O-10.0 308 

402 B 18-8 Bi 0 O84) 20 17.0-19.0 8100 82.0-3.0 E308 

FM 0.15 max 17.0-19.0 0-10.0 P,S,S8e0_07 min, Zr, Mo0. 60 max E308 § 

m4 0.08 max 18. 0-20.0 8 

10-4) (extra-low 0 03 max 18. 0-20.0 8 0-11 0 308L or 
earbon 

18-10 0 12 max 17.0-19.0 10.0-13.0 

$08 20.10 0. max 19.0-21.0 10.0-12.0 

24-12 0. 20 max 22 024.0 12.0-15.0 £309 

8 24-12 (low carbon) 0 max 22 0-24.0 12.0-15.0 309 

308 Ch 24-12 Ch 0.20 max 22 0-24.0 12.0-15.0 Ch10 * C min 309 Ch 

310 25-20 0.25 max 24 0-26.0 19.0-22.0 £310 

3108 25-20 (low carbon) 0 OR max 24 0-260 19. 0-22.0 310 

410 Ch 25-20 Ch 0 25 max 24 0-26.0 19.0-22.0 Cbh10 * C min 310 Cb 

310 Mo 25.20 Mo 0 25 max 24 0 26.0 19.0-22.0 Mo2.0-3.0 310 Mo 

314 25-20 Si 0 25 max 23 0-26 0 19.0-22.0 1.5-3.0 

316 Mo 0 10 max 16 0-180 10.0-14.0 Mo2.0-3.0 

S316 L 18-12 Mo (extra 0 03 max 16. 0-18.0 10.0-14.0 Mo2 0-3.0 316L or 318 
low carbon 

317 19-13 Mo 0 10 max 18 0-200 110-140 Mo3 040 317 

18-12 MoCh 0. 10 max 18. 0-20.0 10.0-14.0 Mo2.0-3.0, Cb 10 C min 318 

321 8 Ti 0 O08 max 17. 0-19.0 8 0-11.0 TiS K C min £347 

347 Ik & Ch 0 max 17.0-19.0 9.0-12.0 Cbh10 C min £347 


* The 17-7, 18 10, 19-9, 19-12 designation are alao often described as 18-8 

1 Unless otherwise specified Mn is 2.00% max., Si is 1.00% max., P is 0.040% max. and 8 is 0.030% max 
t Characteristics of the commercial stainless steel welding electrodes are given in Table 6 

§ Lime-type coatings preferred 

| Presently not recognized by AISI. 


Table 3—Composition and Welding Recommendations for Common Commercial Austenitic Stainless Casting Grades Recognized 
by Alloy Casting Institute (ACI) 


Welding 


recommendation 


1c] Popular Chemical composition, * % recommended 
designation desiqnation Cr Vi Other elements, % electrode 
CH-30 25-10 0 30 max 26-30 312 
CRS 0) O8 max 18-21 8-11 308 
CF-20 0 20 max 18-21 8 11 E308 
CF.8M 19-10 Mo 0 OR max 18-21 9-12 Mo 2.0-3.0, Si 1.50 max 316 
CF-12M 10-10 Mo 0. 12 max 18-21 9-12 Mo 2.0-3.0, Si 1.50 max E316 
19-10 Ch 0 O8 max Is -21 9-12 C min, 1.0 max £347 
Cr-16F 10-10 MoFM 0 16 max 18-21 9-12 Mo 1.5 max, Se 0.20-0.35, P 0.17 max E308 t 
CP-16F a 19-10 0 16 max 18-21 9-12 Mo 0 40-0.80, 8 0.20-0.40 E308 t 
CG-12 22-12 0. 12 max 20-23 10-13 
CH-10 25-12 0 10 max 22-26 12-15 £309 
CH-20 25-12 0 20 max 22-26 12-15 
CK-20 25.20 0 20 max 23-27 19--22 E310 
CN-7M Cu 0 07 max 18 22 21-31 Cu, Mo, Sif Special 
eles trode 
HC 28 4 0.50 max 26-30 {max Mn 1! 00 max, Mo 0.5 max 329 
HD 28-7 0 50 max 26-30 17 Mo 0.5 max 312 
Ht 28.10 0 20-0.50 26-30 8-11 Min 2. 00 max, Mo 0.5 max 312 
HF 20.10 0 200.40 18 23 Mn 2.00 max, Mo 0.5 max 
HG £308 
309 
Hil 27-12 020-0. 50 24 48 11-14 Mn 2 00 max, Mo 0.5 max, N, 0 2 max 
Hl 28-16 0 200.50 26.30 14-18 Mn 2.00 max, Mo 0.5 max 
HK 25-20 0. 20-0.60 24 28 18-22 Min 2.00 max, Si 3.00 max, Mo 0.50 max h3 10 
Hil 1-20 0 20-0.60 28 -32 18-22 Mn 2.00 max, Si 3.00 max, Mo 0.50 max h310 
HIN 22-25 0. 20-0. 50 19-28 23-27 Mn 2.00 max, Si 2.00 max, Mo 0.50 max 
Ht 15-35 0 35-0.75 13-17 83-37 Mn 2.00 max, Si 2.50 max, Mo 0.50 max 
Ht 0. 35-0.75 17-21 17 41 Min 2.00 max, 2.50 max, Mo 0.50 max £330 ** 


* Unless otherwise specified Mn is 1.50% max, Si is 2.00% max, P and 8 are 0.04% max 
t Characteristics of the commercial stainless ateel electrodes are given in Table 6 
Electrodes with lime-type coatings preferred 
§ There are several proprietary alloy compositions falling within the stated chromium and nickel ranges, and containing varying 
amounts of silicon, molybdenum and copper. Such alloys are available from licensed producers only 
Molybdenum not intentionally added 
** 18-38 (Cr-Ni) electrodes also used 
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adjacent to a weld, it is often referred to a 
deca The actual severity the eflect 
precipitation primarily depend Dp the carl 
tent of the steel, the temperature ind the lengt! 
it is held in the critical temperature range | 
Of precipitation is greatest at at if 00° F (650 
Che Type 301 and 302 sta et vl 
between 0.08 and 0.20¢ urbe nore susc 


intergranular-carbide precipitatior | 
and 308 which conta ess ti 0 ON he 
rate of intergranular-carbide pre pitation 
retarded by a higher chromu | mo 
iS in th 510 y 20 Cr-N 
Type 309 25-12 (Cr-Ni) or in the Type 316 18 
Cr-Ni-Mo) grades, respective | 

on m e prevented by the add f colu 
tal im Ol lum, pl nich 18 } 

preve ted by a table ani heat 
hetween about 1850 and 2050° | 1O1lO and | 


fabricating operatior 


content to 0.03%, ma the time 


tior i he lengthened and the mount be d 
so that all normal welding and stress relieving op 
tor may be carried out vithout deleteniou r 
Stainless steels with 0.03%, mia irbon conte! 
referred to a rtra-low-carbon grade 
Che weld deposit is I usceptible to intergrar 
corrosion than wrought metal of similar comp 
This } pnmari due t the dend truct 
mav be further aided | thie prese ot te ite 
Intergranular-carbide precip result 
welding or heating operations generally wil 


the mechanical properties of the steel 


Since welding expose the tamnie teel for 
relatively brief period in the sensitizing-temperat 
rang the amount of tergranulatl urbide pl 
ifter welding is | evere th ould be a 
extended service exposure at these elevated temps 
tures. Unless th ess ste ubsequ 
posed to active orro ( olut re est 
slight amount of precipitated carbid isually d 
affect the life of the equipme! | in mild 
ironment Il dairy machine: kit 
caletena equipme! ind archite deco! 
wi d structures made of Ty () d 302 
th occa found ind 
jacent to the weld deposit | mes bee 
( 4 gra le 
0) urbe | OOS. 4310S 
these g des ) 
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the 
180 


whe n 


(S15 to 


mately one minut 


are being welded 


requires the 
bide precipitatio 
be taken to allo 


possible ure 


1500 to 900° F 


eCracvure inge exceeds upproxi- 


through the 


Lhese nonstabilized grades 


ind when the service environment 
e of é anular chromium car- 
he steel, special precautions should 


the weldment to cool as rapidly as 


mpl hed by (1) use of 
welding current, (3) 


small diameter ele 

deposition of the filler n th a string-bead tech- 
nique (no we hu f chill bars in the fixtures, 
und /or ») f the eld operation by im 
mediate appli of an air blast or a water quench 
or Spl L\ 

When it ) ble to provide the necessary rapid 
con gy rat hen the corrosive application 1s 
extreme evere tne ¢ } irbon or stabilized 
teels and ele odes have » be used With less than 
0.03°%, carbo ble the extra-low-carbon grades, 
intergranular-carbide precipitation is usually pre- 
vented Although extra-lo irbon stainless steel 
electrode ur ible commercially, the extra-low- 
carbon yri le ire otten elded ith ‘ype 347 (18 S- 
Cb) electrode Che extra-l irbon grades should 
not be used ructure hich are exposed during 
ervice at temperature bove 800° F (425° C) 

Kquipment which ope ed continuously or inter- 
mittently at temperature RO0° F (425° C) and 
then exposed to Os! ‘ ronments is generally 
made of the stabilized staink wricl Types 321 or 
347. ‘Type 347 electrodes are generally recommended 
for welding bot! rf because the titanium in the 
Type 321 grade tends to burn off and to segregate during 


velding An tion the ert-gas welding proc- 
esses where tl hieldi provided allows titanium 
recovery of 60 85° from Type 321 filler wires,” 
Preheat Treatments 

Che auste { le tee hould not be preheated 
prior to welding treatment would de 
crease the ‘ of the weld and heat-affected 
\ decrease the y rate may increase the 
amount of carbide precip i the weldment and 
may promote he King Ol f eld metal 
Annealing 

If have been 
formed re I im can be brought 
to he hie steels between 
S50 PO50° | OO my” for about '/, to 
| | M owing this so-called 
( / y as obtained by 

lenching iter spray. ‘Tempera 
i thie e-mentioned range 
} mo ims bearing austenitic 
r | e3 d all other grades 
hich | ont iw 0.10% and/or 
high nit 2h 12, 25 20, 
lo-3 ( In many welded 
Lructure tu ch y treatment is not 
less Steel 25-6 
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practical since it may result in serious distortion and Because the detrimental effects produced by stress 
buckling relieving often outweigh the advantages gained, the 


Stress Relievi austenitic stainless steels should receive stress-relieving 
heat treatments only under certain conditions lor 


In austenitic stainless steels stress relieving at 1350° F ' . 
example, vessels to be in service where stress corrosion 


generally is considered detrimental The 
might be encountered may have to be stress relieved; 
degree ari » grade to the 

gree of harm irl Irom one grace 0 1 other although the treatment should be left to the judgme nt 
Stre reheving the unstabilized grades may cause 


of purchaser and manufacturer 
erous imtergranular carbide precipitation which will 
ye On the few occasions where stress relieving is recom- 

reduce considerably the corrosion resistance to many , , 
mended, the stress-relieving temperatures for th 


olution Undesirable metallurgical effects ay b 
cle ible metallurgical effec may stabilized grades should be kept below 40° 


everal grades such as the formation of 
( , Although stress relieving below 1000° F will be far from 


igma pl complete, it may be sufficient for the intended service 


Aside from hese consideration stress-releving 
a p - Where complete stress relieving is necessary the tem 
eat treatments are less effective in reheving residual . ~ 
peratures should be between 1600 and | S/O 
stresses in stainte teels than they would be in 
ind 980° ©) so that the use of stabilized grades is 
carbon tee! it elevated temperatures, the 
essential 
austenitic staint teels have a relatively high elastic 
limit Thus, stress-relieving heat treatments in the In stainless clad steels and in dissimilar-metal joints 
temperature range from 1100 to 1250° F (595 to 675 postheat heat treatments are also sometimes recom 
(*), normal for carbon steels. are less than 5O”,, effective mended.®-* Their primary purpose is to produce 
for stainless stee! Stress relieving at 1600° F (870 possible beneficial effects on the lower alloy portions 
(°) is generally believed to be about WN, effective of the material 


Table 4—-Composition and Welding Recommendations for Common Commercial AISI and ACI Martensitic Stainless Steel 


Welding recommendations 
Postheat treatment 


Popular Chemical composition,* Preheat at 1800-1440° 
/ / G 
desigqna Othe: Recommended inter pass Os 90° ¢ fo Ar 
nation ( ( clement electrode t lem perature pe n. of thickness 
AISI desig 
nation 
0.15 max 11.5-18.0 Turbine quality, Si HOO-700" F 370° 
0. 50 max 
15 11 or 400-000" F 6205-315" ¢ Recommended 
high! recommended 
where possible 
mod rae iS m 11.5-13.5 or 500° Reeo nenee 
high! recommended 
where possible 
100-500" F Hig eco ‘ 
15 11 5-13.5 Nil. 25 2.50 or F (205-315° ¢ Hight nended§ 
2Ni s15-370° ¢ High! eCO ence 
iit 15 ma 12. 0-14.0 VP. Se O OF mit F410 GOO-TO0° I 15-370" Hig recommue 
Zr. MoO m 
wo 15 120-140 or 400-000° F (205-315 ¢ tecommended 
or F430) GOO-700" F C315-370° Highly recommend 
0 20 ma 0 or 400-000" F (205-315° ¢ Recommended 
2N 700" F (315-370° ¢ Highly recomme 
Wer 0060 75 160-18 0 MoO 75 ma or 600-700° F (315-370° Required 
075095 16.0-18 0 MoO 75 ma 
re 005-1 20 160-18 0 MoO 75 ma 
ACS desig 
0 15m > 14.0 Man, Nil ma L300) 400-600" F 6205-315 Reve ended 
> highly recommended 
where ile 
0200 40 311.5 140 Nin, Nil ma Si 400-600° F (205-315° ¢ Recommended 
1 5 ma 600-700° F (315-370° ¢ Hig! recommended 
* Unless otherwise apecified Mo and Si are 1.00% ma is 0.040% nd is 0.030%) max 
t Charactermt the commercial stainless steel welding electrodes e given in Table 6 
; When preheat treatments are not employed use mall diameter elect cle 


§ On thinner gage posthent treatments may be omitted 
Welding is not recommended 
** These steels generally are not recommended for welding. When welding or repair welding is necessary pre-and postheat treatments 


must be employ a 
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Welding the Martensitic Stainless Steels 


Che commor mmercial wroug! t 
les teels and the elding 
marized in Table 4 

the martensit teels suscey 
0 hardening is increased as the chromium 
decreased and the carbon content reased 
vill high chrom im and low il ) ontent 
ipproach the ‘ the ternti 
bet Vhus, in the absence of othe oving 

about O0.08°; irbon is oftel ( lered to 
partially” marte ti Crrade h more tl 0 
carbon would be nsidered to be tf marte 

Che tendency of the mart eld meta 
heat-affected zone to be hard 1 brittle 
nil mized pre ind posthent treatn 
The Hest procedure miiy one vhat 
parti ilar degree of harden ng of each gi ide of ( 
Fully Martensitic Grades 

Without prehe it treatment ates 
are susceptible to cracking in the marten 
deposit and in the heat-affected zone. particular 
hea Vv sections are being welded Light ectlol 
ower carbon grade may be a excepto ko 
ample Type 4101 iwht sectio ip to in. ord 


exhibi ood ding cl ’ so that preheating 
provide ttle imp ement and may be omitted 
Cracking n umd ivoided by preheating 
these elding t« temperatures bet ween 
;00 and 700° | 0 220° C), depending upon the 
hardening characterist f the base metal and weld 
metal and the intended s equirements. The 
prehe iL Lempera t hou I tained during the 
velding yperat \ treatment between 
1300 and 1450° F (70 O° ( should follow 
directly for 1 hr p th | hr min Where 
prehea wid temp above 500° F 
50° C) have been emy ed, it may be advisable to 
LLLO the weld ‘ S50 and 400 
20 ( ormation of most of 
the retained if heat-treated sections 
hould be ml i hese conditions very 
clue tile veliment mi ed In some COSeS 
omewhat le ringent procedures may be completely 


Partially Martensitic Grades 


The presence of me ferrite in the otherwise mat 
eCnsiti tru CSE dness developed inh 
the ste« eduet thy racking susceptibility 
Neverthel ooling rate l interpass temperatures 


hould be controlled Preheat treatment between 300 


Table 5—Composition and Welding Recommendations for Common Commercial AIS! and ACI Ferritic Stainless Steels 
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stheat 


ind 700° F (150 and 370° ¢ e generally advisable 
1 be i | . eat treatment at 1300 
0 1450° F (705 1 Qa? ¢ Only when welding thin 


heet below al hese preheat and post 


Use of Martensitic Electrodes 


When commercial Type 410 electrodes are used to 
veld the Type 410 sta teels a preheat tempera 
ture | idvisable unless the 

thickne When low carbon 
modified max () are welded 


vith correspe ling | ” 410 electrodes this preheat 


temperature bye ed Howevet postheat 
treatments bet wee 1300 1 1450° F (705 and 760° C) 
for hi hould be employed when 
rood ductilit e of primary concern 


Use of Austenitic Chromium-Nickel Electrodes 


Weld r with these ele rod advisable if a post- 


heat tre el | Small diameter elec 
trode elding hould be used to 
minimize heating the eel and to minimize 
dilutior preferred practice to 
eld the ‘J pe 0 / (C'r-N}) electrodes 
ind use the pre 1 pe I treatments recommended 


Welding the Ferritic Stainless Steels 


Welding recommendat i the common com 
mercia ought fe ecls are summarized 
in Table 5 

Since the ferrit ire not subject 
to air hardet e | isceptible to cracking in 
the welded sect tainless steels 
However, because the ‘ become embrittled,* 
their welding cl | be understood, 

The chror a hich become fully 
ferritic at te 100" F (1150° ©) are 
general e tilement which 1s 

oclated irbides. This em 
brittleme i ( evere yrain growth 
Che embrittlement be ed by annealing the 
teel for 1 hr | cr 00 and 1450° F (705 and 
790” ¢ fo | r air cooling, even 
though the g y ‘ Such a postheat 
treatment iri Lin ingle Pass weld 
ing where. witho his pe eatment, the ferriti 
veld metal é pal he heat-affected zone 

d be « le iid readily crack on 
ubsequent de mi ¢ ending operations at room 
emp i! 

When postheat treats not possible, multipass 
velding with sr han electrode low current 
ind stringer beac ild d to minimize this em 
brittlement In these dep he subsequent weld 
beads will produ nealing ell in the earlier beads 


and reduce the en the weld and heat-affected 
Zot 


Use of Ferritic Welding Electrodes 


Since ‘Type Ht) 1.50) 1 44 fend to contain an 


Slainiers Steel 
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average of about 50 to 70° ferrite, the balance being mental to have austenitic chromium-nickel weld met 
martensite, suitable preheat and postheat treatments adjacent to a ferritic stainless steel base which is « 
are usually required to prevent hardening posed to the corrosive solution, it may sometime 
In welding chromium stainless steels containing up advisable to deposit 30°, chromium filler metal on th 
to 23% chromium, satisfactory results are generally side of the weldment which is exposed to the corros 
obtained with electrodes having compositions similar solution after the balance of the weld metal has be: 
to the parent metal. However, 25-12 (Cr-Ni) austeni made with 25-20 or 25-12 (Cr-Ni) electrodes 
tic stainless-steel electrodes are also extensively used, Welding Summary 


although the trend is toward the use of the ferritic ! 
The welding characteristics and application of the 


chromium stainless steel electrodes listed in Table 5 : 
: arious commercial stainless steel electrode types pr 
Preheat treatments are preferred. A postheat treat ag 
duced in the United States are surmmarized in Table 6 

Acknowledgments 


ment at intermediate temperatures is essential i 


ductility is important, unless service at elevated tem 


peratures above L000" F (540° ©) produces a similar Valuable comments were contributed by J. Bland 
effect Standard Oil Co. (Indiana); M. C. T. Bystram 
Chromium stainless steels containing more than 23% Mure Welding Processes Ltd.; H. ©. Campbr 
chromium are preferably welded with 25-20 or 25-12 Arcos Corp.; C. T. Evans, Elliott Co.; W. Hirsc! 
(Cr-Ni) electrodes, This, however, may not always Rheinische Réhrenwerke, A. G.; F. H. Keating, I 
be possible since certain corrosive applications require perial Chemical Industries Ltd.; G. E. Linnert, Arn 
that these high chromium stainless steels be welded with Steel Corp.; R. F. Miller, United States Steel ( 
an electrode of similar composition.* C. KE. Rawlins, Phillips Petroleum Co.; J. J. B. Ruthe 
Since weld metal brittleness in ferritic weld deposits ford, Babcock & Wilcox Co.; C. H. Samans, Standard 
increases with higher chromium content, preheat Oil Co. (Indiana); A. L. Schaeffler, Allis-Chalmer 
treatments between 300 and 400° F (150 and 205° C Mfg. Co.; M. A. Scheil, A. O. Smith Corp.; G. \ 
are always advisable in steels containing over 18% Smith, United States Steel Co.; D. Swan, Unio 
chromium Carbide and Carbon Research Labs.; R. D. Thoma 
und Stahlwerke G.m.b.H. (Saar); L. W. William 
Austenitic 25-20 or 25-12 (Cr-Ni) electrodes are Lukens Steel Co.; K. L. Zeyen, Gutehoffnungshiitt 
sometimes preferred because satisfactory results are Oberhausen. A. G.: Materialpriifungs Abt., Stah 
frequently obtained without preheat and post heat werke Réchling-Buderus A. G., Wetzlar (Germany 
treatments 
Since the austenitic stainless steels have a coefficient Bibliography 


of expansion about 50°) greater than that of the ferritic 
The welding summary presented in this articl 


stainle “tee! electrodes should he used 

primarily in structures which are operated at room based on the following detailed correlated literature 

temperature or within a relatively narrow temperature review articles in which are discussed published and 

range, Severe and frequent temperature variations unpublished information on the physical and welding 

may lead to thermal fatigue failures... Prolonged ex metallurgy of stainle teel Copies of any of th 


reviews can be purchased by writing directly to thi 
AMERICAN WELDING Soctery, 33 W. 39th St., Ne 
York 18, N. Y 
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require & postheat treatment at intermediate tempera Metall ite 
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WELD HEAT-AFFECTED ZONES IN !/-IN. 


TITANIUM ALLOY PLATES 


Notch toughness of the weld heat-affected zone in two 


lilanium alloys as effected by energy inpul, initial plate 


lemperalure and postheal treatments 


BY ERNEST F. NIPPES, JOHN M. GERKEN AND BERNARD W. SCHAAF 
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Materials 


The alloys used for this investigation were an ex 


perimental 4% Cr — 2% Mo titanium alloy produced 


in '/, in. thickness by Titanium Metals Corp. and a 7‘, 
Mn titanium alloy, RC-130AW, produced in */, in 
thickness by Both alloys, of 


the alpha-beta type, were picked because of their high 


Rem-Cru Titanium, Ine 


strength and good impact properties. Chemical analy 


sis Of these alloys follow 
A/loy ( Mo,% Mn, % C.¢ NY 
4 ('r-2 Mo 
(Heat No. K700) 4 14 2 16 0 021 G O41 
RC-LS0AW 
(Heat No. 3500 66 0 05 


The mechanical properties of these alloys are given in 
Table | 


Continuous Cooling Transformation Studies 


To aid in the investigation of the effects of weld 
thermal cycles on heat-affected zone microstructures 
it was desirable to determine the continuous cooling 
transformation diagrams for both alloys on cooling 
from the all-beta range. In addition, the transforma- 
tion temperature ranges for representative thermal! 
cycles encountered over the range of welding conditions 


to be investigated were also required. 


Apparatus 


The equipment, Fig. 1, used for determining the con- 
tinuous cooling transformation points was described in 


detail, except for a later modification, in an earlier 


report This thermal analysis apparatus consisted 
primarily of a heating chamber in which an inert atmos- 
phere could be maintained. Specimens, '/s- x '/s-x 


0.050 in 


coil. The faster cooling rates were obtained with a 


were heated by an electric resistance heating 


direct blast of helium on the specimen, while the slowe1 
cooling rates were accomplished by gradually decreas- 
ing the current in the heating coil A governor-con- 
trolled 


reduction wit 


motor driving through a double worm-gear 
used to turn the rotor of a variable auto 


This 


system was used to provide reproducible and uniformly 


transformer connected to the heating coil 


slow cooling rate Che temperature of each specimen 
was measured with a chromel-alumel thermocouple 
0.012 in. in diameter 


the center of the 


percussive welded into a hole in 


sample The thermocouple Was COn- 


Fig. 1 


Continuous cooling transformation apparatus 


nected directly to a high-sensitivity galvanometer of 
an oscillograph on which the thermal cycle of the sample 

was recorded. Transformation was indicated by di 
continuities in the cooling curves caused by the « u 


tion of heat on transformation. 


Determination of Continuous Cooling Diagrams 


\t first, a series of specimens were heated to 1700 
COO ed 


Fin a helium atmosphere and were immediately 


upon reaching this temperature. Continuous cooling 
diagrams were determined in this manner: howevet! 
photomicrographs revealed that betanization was not 
complete in most of the samples used. ‘To insure 
complete betanization a second series was run, heating 
up to 1800° F 


The partial continuous cooling diagrams thus dete: 


and holding for 10 sec before cooling 


mined are shown in Figs. 2 and 3 for the 4°, Cr — 2° 
Mo and the 7% 
Cooling curves, 


Mn titanium alloys, respectively 


representative of those from which 
the diagrams were determined, are shown along with 
Vickers pyramid hardnesses determined on the speci 
mens that cooling cycles The 


experienced these 


photomicrographs in Figs. 4 and 5 illustrate the micro 
structures corresponding to the indicated cooling curves 
of Figs. 2 and 3 

Although the 


readily 


beginning of transformation was 

determined from the thermal-evolution dis 

continuities in the cooling curves, the end of transfor q 
defined. Therefore 


Figs. 2 and 3, the end of transformation should be 


mation was not as clearly 


sidered as less accurate than the beginning ol tral 


formation Some cooling curves contained di 


tinuities at temperatures in the range of both 1200 and 


Table 1—Mechanical Properties 


Tensile 


Ultimate 
VM ate rial tenaile yield atre ngth 


and heat Heat strength, O01", off et, 
No treatment par pee 
1% Cr-2 Mo As-received 128 , 200 
K700 
Cr Mo 1200° F, 24 hr, 127 ,000 
K700 
7% Ma As-received 130,000 04,000 
hC-1S0AW 3500 127 500 02,000 


Reduction VPN Charpy lL -notch 
tiongation of area 10 ka im 
hardne O° } 
40 27.5 312 90 
2410 is 3 280) 16.0 20 0 
In 6 2 11.0 21.8 
11.5 
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Fig. 2 Partial continuous cooling diagram for 4% Cr - 2% 
Mo titanium alloy 
800° F, indicating that t ty at 
each of these temperature range Che lower tempera 
ture transformat product is thought to be n 
Sits based ol the characteristi uar pro 
photomicrographs A of Figs. 4 and 5 
It will be noticed from Figs. 2 14 that the 4‘ 
MoT alloy de elop its greatest hardne i! 
intermediate cooling rate correspo g to ( ( 
A dark precipitat which has not been identified ip 
pear in photomicr wraphs through ol | 
Although the maximum quantity of precipitate 
( cle roughly th the maximul ha Ine ~ pi 
crograph ( no significance | tt hed to tl ( 
spondence at this time As co rate is de ed 
from curve D to curve G. the n ! tructure if 
predominately alpha needles in a retained beta 
Che maximum hardness of the 7 Min‘ il 
at cooling rates corresponding to Curve 1 BR ot 
Fig 3 The ( hardne es are ol agaerabdly 
than the maximum hardness of the 4% C1 lol 
alloy Photomicrograph of shows n 
site needles in a retained beta matmx while { 
mm wraph B how a network pt tate ad 
heta with no trace of martensité er 
th (Curve > sn ilpha need 
mati the alpl Heco! 
creased cooling rate 
The cooling rves and photo raph ed 
F and G, Figs. 2-5, are most r | 
he if ected Zone gy cur 
for the respective all | the st 
i Widmanstitt« tt ol a 
neta mati more ap] Mi 
i n which the a ph 
It era greed that h | 
ing of alpha-be in 
more f the f | 
neg marter! fe tor fat 
cy rom a he 
on m the pet the 
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Fig. 3 Partial continuous cooling diagram for 7% Mn 


titanium alloy 


mum hardne vould be expected to oceur at an in- 
termediate co g rate Faster cooling rates would 
not allow time for the format f a sufficient quantity 
of alpha to le hereas slower cooling 
rat vould resu e alpha precipitate. 
Since the 4% Cr-2 Mol reaches its maximum 
hardne it an intermediate cooling rate, Fig. 2, it is 
concluded that th mal ise of hardening of this 
lloy the coherent 1 pitation ol alpha 

lhe hardening of the 7°% Mn alloy apparently is the 
result of a coml ition of martensite formation and 
coherent pre based he highest hardnesses 
occuring with 1 test coo rates, Fig. 3. Holden, 


Ovden and Jaffee* | e reported that no martensite can 


tital m mangarn more 


than 


containing 
6.4% ma e, but that these alloys contain 


only retained beta after q hing from the all-beta 
region. However, their worl is performed using 
high-purity iodide titaniun hile this investigation 
vas conducted u Col ere alloys containing 
larger amount ol e] mpunties It is be- 


t for the apparent 
hift of the marte in to a higher manganese 


eontent 


Although the co u both the 4% Cr —2% 
Mo all | 4 i j | illoy, Fig. 3, show 
evidence of n f it cooling rates ap- 
proaching those of ds, tl ill evidence suggests 
that the primary hard tor i coherent pre- 
cipitation from u ble | er the range of weld 
cooling rate estigated 


Transformation Ranges in Calculated Weld Cooling Curves 


Cooling eu rres] to the three conditions 
if eld energ I estigated in this 
research we reviously determined 
veld ther r tl adjacent to welds 
that expe es of 1400, 1600, 
2000 1 2200" | method of caleula- 
tiot ISsé further explanation 

presented ‘ 1 apparatus 
was then used to produce ious cooling curves 


(lloy 33-8 
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E 381 
Fig. 4 Microstructures of 4% Cr —- 2% Mo Ti Alloy specimens used to determine continuous cooling diagrams 


Magnification 1000 & (reduced in reproduction). Etchant—20 ports HF, 20 parts HNO,, 60 parts glycerin 
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Fig. 5 Microstructures of 7% Mn Ti alloy specimens used to determine continuous cooling diagrams 


Magnification 1000 XX (reduced in reproduction), Etchant—20 parts HF, 20 parts HNO», 60 parts glycerin. 
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Fig. 6 Determination of 


transformations in 


calculated 


2000 F eak weld thermal cycles for AG, Cr 27, Mo 
titanium alioy 
which closely ipproximated these Leu ed 
In order that these data I ip] to 
i l welding the re he 
ce ed rate immediate th 
peak temperatur Figure 6 the | 
used to interpolaté the therm 
the expernimetta the i ted 
curve The discontinuitis epre 
ning and end of transfor exper 
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it it les having a 1400 

k peal d d that transtormation 
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range | h his range for the 

1400° Fy | thern vas so short that 

sma was betanized 
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Determination of Impact Properties Associated 
with Individual Weld Heat-Affected Zone 
Micro-structures 
Apparatus 

The mi tures at se ected points in the 


ted in the vicinity 


# the notel ra Ul \-notch impact speci 
met il g eacl wn to the thermal 
yer point in the weld 
heat-aflected by clamping over 
ized unnotched Charpy sy 0.42 in, square) in 
the jaws of io flast that the samples 
ould be heated | he « to the passage of 
urrent and co f heat to the water 


cooled 
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Impact strength of heat-affected zone structures in 
2%, Mo titanium alloy 
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The desired weld thermal cycle was reproduced in the wire potentiometer whose position, and therefore volt 


specimen by a time-temperature-control device! de age output, was determined by a cam, cut to the time 


veloped by this laboratory. This consisted of a slide- temperature relationship of the thermal cycle being re 


af 


produced. The slide-wire voltage was balanced ag: 


the voltage of a Chromel-Alumel thermocouple lo 
| HARDNESS OF on ge ZONE cated in the specimen The polarity of the resulting 
MICROSTRUCTI 
( 4%Cn-2%Mo Ti ALLOY voltage differential determined whether or not power 
| pate was needed to maintain the required temperature in the 
| @ 35KJ/IN. 500°F PREHEAT specimen. This voltage differential was amplified 
and applied to a spot welder control panel which sup 
. plied power to the flash welder 
AS-QUENCHED Chromel-Alumel duplex 0.012-in. diam wire was 
| | | | 
cross-wire welded to form the hot thermocouple jun 
(] —_ tion, which was percussive welded to the bottom of a 
: 0.052-in. diam hole, 0.05 in. deep. Initially, the hot 
¥ rr junction was inserted in the hole and a bank of capaci 
tors, totaling 150 microfarads, and charged to 400 v, was 
discharged through the thermocouple by closing a 
4 switch. This system produced a very low percentage 
5 2S-REC'D a 4 > of good welds, thus it was discarded. A hinged-arm 
= guide was constructed which held the thermocouple in 
x i the proper position so that it could be dropped, a 
AS-ANNEALED ‘ 
curately centered, into the hole in the specimen. Com 
_ pletion of the electrical discharge path was effected by 
the thermocouple contacting the specimen Chis 
system was highly satisfactory in producing dependabk 
200) BOO S000 "D200 5400 thermocouple welds. To give rapid response, the con 


1600 
PEAK TEMPERATURE ,°F 
Fig. 8 Hardness of weld heat-affected zone microstruc- 
tures, 4% Cr 


1400 
trol thermocouple hot junction must be welded 4 


curely to the bottom of the hole. A weld between one 


2% Mo titanium alloy of the wires and the side of the hole will result in 
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Fig. 9 Synthetic weld microstructures, 
4% Cr- 2% Mo Ti alloy, 25 kilojoules 
per inch, no preheat 

Magnification 100 X (reduced '/; n reproduc- 


tions). Etchant—20 ports conc. HF, 20 parts conc. 
HNO,, 60 parts glycerin. 
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Fig. Synthetic weld micro- 
; a ; structures, 4% Cr- 2% Mo 
Ti alloy, not annealed, 35 kilo- 
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Magnification 1000 (reduced '/, 
reproduction). Etchant-——-20 parts 
é HF, 20 parts conc, HNO,, 69 
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slow response and oscillation about the desired tem 


perature 


Impact test vere pe rlormed with a Riehle 220-ft-lb 


capacity iunpact machine which was adaptable to 
Charpy, Izod or tension impact tests. Before these 
tests were conducted, the Riehle impact testing ma- 
chine was calibrated in accordance with the report on 
impact testing by Driscoll* of Watertown Arsenal 
During the test program, an excessive number of speci 
mens jammed \ representative of Watertown Arse 
nal inspected the machine and found that some of the 
component parts did not meet specifications. The 


space between that part of the pendulum behind the 


striking edge and the specimen supports was less than 
in Pherefore, the 
mens could bounce back or spin so as to become jammed 


the 


broken halves of brittle speci 


between the pendulum and specimen supports 


It is possible, therefore, that some of the scatter in test 


results may stem from this condition However, the 


impact values obtained from all specimens which 


obviously jammed were discarded. Initially, a narrow 


beam of light was projected on the top side of the speci 


men for centering the notch on the testing span How 
ever, with this method too much time was lost when 
placing the specimen on the span and centering it \ 


retractable pin wa installed in one specimen support so 


that one end of the Charpy specimen was pushed against 


the pin, the notch was centered on the span. During 


testing this pin was pulled out of the way by a spring 


1400” F peak 
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* 

A 


1800” F peak 2000” F peak 
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Preparation of Specimens 


Bars, 0.420 in. square and 2.4 in. long, were machined 


from both the '/, and °/s-in. alloy plates with the long 
dimension of the specimen parallel to the rolling dire: 
‘Two thermocouple holes were drilled in a face of 


to the plate Later 


tion 


the specimen normal surtace 
when the V-notch was machined in place of the holes 
the notch would be normal to the original plate surface 
Phi 


ends of the bar and normal to a face edge 
0.16 to O.17 in 


holes were located on a line centered between the 
sO) that they 
(one 


from each edge hole was 


used for the control thermocouple the other for the 
recording thermocouple 

Mach specimen, before being subjected to the re- 
quired thermal cycle, was heated to a temperature ot 
ipproximately 20°, of the peak temperature for about 
15 see to check the response and operation of the co! 
trol thermocouple. <A test record, leveling off sharply 


upon reaching the test temperature, indicated good 


control thermocouple response. The greater the over 


shooting above the test temperature the poorer the 
control response. When more than a 15° F overshoot 
occurred, the thermocouple was rewelded and the: 


rechecked for response Although not entirely etler 


tive, this checking method did greatly reduce the num 
ber of rejected specimens due to poor temperature 
control 

\ temperature record in millivolts, and a heating 


current record were obtained for each specime 
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Fig. 12 Synthetic weld micro- 
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Ti alloy, 35 kilojoules per inch, 
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in impact strength, Fig. 7, in the plate annealed at 
1200° F for 24 hr over the as-received plate is the re- 
sult of the breaking up of the elongated alpha, Fig. 1! 
into finer, more equiaxed particles, Fig. 10. However 
this preweld annealing treatment resulted in no pro 
nounced improvement in the subsequent structures and 
impact properties produced by thermal cycles above 
1600" F peak, the temperature approaching complet: 
hetanization for this alloy 

As the peak temperature is increased, the original 
microstructure, Figs. 9-12, changes from alpha particles 
in a retained beta matrix to a Widemanstitten struc 
ture of alpha needles in a retained beta matrix Above 
the peak temperature at which the structure becomes 
completely Widemanstitten, there is no appreciable 
further change in microstructure except that the grain 
size continues to increase with increased peak tempera 
ture. Complete betanization on heating is evidenced 
bey the disappear mce ot all alpha spheroids and string 
ers with only a Widmanstitten pattern of alpha nee 
dies in a retained beta matrix remaining 

As Table 3 show the cooling rate just above the 
upper transformation temperature does not vary much 
with peak temperature for a given set of welding condi 
trons Therefore, all peak temperatures, above that 
necessary to betanize the alloy comple tely, should pro 
duce almost the ime microstructures except that the 
grain size will increase with peak temperature Larger 
grains were observed with the higher peak temperatures 
and are believed to be the cause of the slight lowering of 
the impact stre ngth for structures heated above 1800 
I peak temperature As the cooling rate of the weld 


heat-affected zone structure is decreased, the length 


of the alpha needles increases and the longer time nea 
the peak temperature permits betanization to be com 
pleted at a lowe peak temperature 

It is believed that the primary factor resulting in 
embrittlement is the coherent precipitation of alpha 
from the retained beta. ‘This effect is most apparent 
with the most rapid weld cooling rates. With slower 
cooling rates the precipitate may be more massive 
re sulting Ih OVCTARINE and therefore lower hardness and 
higher impact strength 

As shown in Fig. 13, postheat treatments of 1200 and 
1250° F effected the greatest improvements in impact 
trength (s the postheat treating temperature was 
increased above 1250° F, the Impact strength decreased 
ind at 1400° IF dropped below the as-welded values 
\ consideration of the Ti-Cr-Mo phase diagram indi 
cates that the lower postheat treating temperaturesallow 
a larger quantity of alpha to form, thus leaving less 
heta to transform to martensite or beta prime on water 
quenching This results in higher impact strength 
und lowet harcdie 

It will be noticed, by referring to Figs. 13, 14 and 
15, that the structures having the larger, more rounded 
alpha particles at all postheat temperatures, except 
1400° F, have greater impact strengths The larger 
particles are the original alpha particles, which did not 


hetanize during the 1600° F peak thermal cycle, grow- 
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Fig. 19 Synthetic weld microstructures, 
7Y, Mn Ti alloy, 25 kilojoules per inch, 


no preheat 


Magnificat x (reduced in reproduc 
tior Etchant-—-20 parts conc, HF, 20 parts conc 
HN‘ part ycer 


F peak 


renig 

i ve 

Be 

Me SS a 

Vii 4, (ASG, 

| | 

1600° F peck : 

JANUARY 1955 % 

Nippes, et al.—® 

13-s 


As-received 1400° F peck 1600° F peck 


Fig. 20 Synthetic weld 
microstructures, 7% Mn Ti 
alloy, 35 kilojoules per inch, 
no preheat 


Magnification 1000 & (reduced 
in reproduction). Etchant—20 parts 
conc. HF, 20 parts conc. HNO;, 60 


parts glycerin. 
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resembling the as-received structures, exhibited im- improvement in impact strength associated with thi 
pact strengths which were lower than the as-received lower temperature postheat treatment is believed to 
values, It is possible that a precipitation of alpha in result from the precipitation of alpha needles leaving 
the original beta is responsible for this lowering of less retained beta to harden on quenching. Further 
impact strength on heating to the 1400 and 1600° F more, the remaining retained beta would be enriched 
peak temperatures in manganese and therefore would be more stable on 
Microstructures of the heat-affected zone of an actual quenching. 
weld in in. 7°% Mn titanium plate, made with an It will be noticed by comparing Figs. 24 and 25 that 
energy input of 35 kilojoules per inch are shown in the postheat-treated structures resulting from the 
hig. 21 for comparison with the synthetically pro- previous 1600° F peak thermal cycle are generally coarse) 
duced microstructures of Fig. 20. These photomicro- than those resulting from a previous 2000° F peal! 
graphs vere taken at distances from the weld center- thermal cycle. The original alpha stringers which did 
line, calculated to have reached the peak temperatures not go into solution during the 1600° F peak therma 
indicated cycle grow at postheat temperatures in the alpha-plu 
The results of holding the 1600 and 2000° F peak beta range while the finer alpha needles dissolve a . 
temperature specimens for 4 hr at various temperatures equilibrium is approached. Since there are no large 
in the alpha-beta range followed by water quenching alpha stringers remaining after the 2000° F peak, fine 
are shown in Fig. 23, with photomicrographs given in alpha needles result from the higher temperature post 
Figs. 24 and 25 Ithough the 1200 and 1250° F heat treatments than with the 1600° F peak thermal! 
postheat treatments resulted in only a slight improve- cycle 
ment in the impact strength of the 2000° F peak struc- Impact strength versus temperature of test for the 
ture, there was a substantial improvement in the 1600° 7°) Mn alloy with thermal cycles simulating an energy 
F peak structure, the weakest as-welded structure input of 35 kilojoules per inch are plotted in Fig. 26 
With the 1600° IF peak structure, considerable im- In view of some scatter of points and intercrossing of 
provement in impact strength was also realized with the curves for all peak temperatures except 1600° } 
1300 and 1350° F postheat temperatures; however, these values are presented as a scatter band rather tha 
these temperatures resulted in a reduction of impact as individual curves. The values for the 1600° F peal 
strength in the case of the 2000° F peak structure. The which were considerably lower than the others, ar 
impact strength of both peak temperature structures shown as a separate curve. The general scatter of 
was reduced by the 1400° F postheat treatment. The points is believed to reflect the large grain size of thi 
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7%Mn Ti ALLOY, ENERGY INPUT 35KJ/IN Summary and Conclusions 
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FOR 4HRS. AND WATER QUENCHED and 2°; Mo, and the other containing 70, Mn 


ao Ps studied to determine the effects of Various weld therma 
DENOTES A 60” NOTCH 
evel on the notch toughness of the heat-affected 


zones of these alloys. The individual thermal 
; | @ 2000°F PEAK for each energy input and peak temperature invest 
‘ 1 
in on \ gated were reproduced in Charpy V-notch impact 
= a ik | specimens using a time-temperature controller In ad 
> dition, a study of the continuous cooling transtorma 
fe tion of these alloys was made over a wide range of 
’ WITHOUT POST- Che conclusions arrived at from this investigatior 
TREATMENT 
ire as TOMOWS 
| | On continuous cooling, the resulting microstruc 
1200 1250 1300 1350 1400 


T HEAT TREATING TEMPERA °F tures were obtained over the approximate cooling rate 
Fig. 23 Effect of postheat treatments on room temperature 
impact strength of weld heat-affected zone in 7% Mn 
titanium alloy 
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Fig. 24 Postheot-treated synthetic weld microstructures, 7% Mn Ti alloy, 1600° F peak temperature 


Magnification 1000 X (reduced in reproduction). Etchant—20 ports conc. HF, 20 parts conc. HNO,, 60 parts glycerin 
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Fig. 26 Transition curves for 7% Mn Ti alloy, energy input 
35 kilojoules per inch, no preheat 


greatly the impact strength of the least tough structures 
produced by an energy input of 35 kilojoules per inch on 
both alloys investigated. As the temperature of post 
heat treatment was increased, the improvement in 
impact strength decreased and became negative re- 
sulting in lower values than produced by the weld 
thermal cycle 

9. It is recommended that welds made in either of 
the alloys discussed in this investigation be made with 
a high en rgy input or with a moderate energy input 
using & preheat so as to induce sufficiently slow cooling 
rates to produce acet ptable notch toughness 
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APPENDIX 


Calculation of Contour of a Typical 
Controller Cam 


The values of / d) given in Table 2 of a previous 


Nippes et al 


Tilanium 1lloys 


Table 4—Calculated Values Required for Constructing a 
Cam for Reproducing a Weld Therma! Cycle 


k-nergy input: 35 kilojoules per inch 

Initial plate temperature: 500° | 

Thermal cycle peak temperature: 2000° | 

Calculated distance of structure from weld 

centerline: 0.334 in. 

Time to reach peak temperature: 1.95 se« 

7 
millivolts 


Chromel 


* Reference not zero 
t Peak value, 


article? from this laboratory may be used to calculate 
the thermal cycle experienced by any given point in th 
weld heat-affected zone for any practical combination 
of energy input and preheat. These calculated 
mal cycles are necessary for laying out the contour 
the required controller cams 

The following illustration is given to explain the 
method of constructing a controller cam from the tabu 
lated thermal data. As an example, the thermal cycle 
and therefore the microstructure located at a point in 
the heat-affected zone which reaches 2000° F peak tem 
perature will be calculated. An energy input of 35 
kilojoules per inch with a 500° F preheat will be as 
First, it is necessary to convert 


the maximum value of 2000° F into a maximum value of 


sumed for this weld 


F'(s, d) using the following relationship 


(Joules In.) 
T T° F(s, d) 
1000 


In this case 
Joules /in 
1000 
PF 0.92 preheat factor for 500°F 
Table 4) 
This gives a maximum value of 46.58 for F(s, d 
The plot of maximum F(s, d) values versus distance: 
from the weld centerline (Ref. 2, Fig. 6) indicates that 


this maximum value of 46.58 occurs at a point 0.334 j 


from the weld centerline The F(s, d) values at this 


Researcu 
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times { 0) Chromel-A Finally, the mill 
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0.354 tre hese neh These tabu 
ed lable 4 { ted d value Lhe construction of 
m the erted erature thre i out the calculated 


en above I er heigl ding times along a 
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BY INDUSTRY 

BY L. F. KOOISTRA 

Wh the course of tec! ‘ deve Cooperative ré lustry serves a unique 
‘ of | i def purp i to coordinate the re 
er, the recognized proced mat i search effort ot 1 ep f to reach a common 

et to institute a rese h prograr ! ord much wasted effort 
he type and scope of sucl earch prog ue to overlapping and dup tion can be avoided 

pend upon the nature of the pi ( If it ( (C‘ompetitive ne lusts are brought to 

the elfare or econom poli 1 ph re gether to work bles general nature and 

tectic ol the tie the rese teal produce Tundame i data needed by 

inder the sponsorship of the g t of the ll of them, | fundamental work our 

I luration and extent of ce m e gove ersities h ) la init part 

thy ind DI ded this 3 ‘ i} ‘ ndustry and our 

tut of the nat lhe NM hat tituti of | theory with actual 
‘ mople of th perating expe menting the practical 
he probler , ‘ questi« f part experi e ol ! vith theoretical 

to a spe eng el und fundamental 

best be sponse dt tect aire stract quality ol 

‘ f i of ‘ technolog \\ theoretical an f ! Vill suppleme nt 
the propertr re una tir present ! find immediate 

es of ‘ ) Lp] | Ly Lie strength 

Whe the probli ) ect e for tl Chable basis for real 

he rese 

dust rie hiel here are d of mind and a 
olutio i the } gerntuit government ari 
der the guid if om milit tu lustrial laboratories 

eruing than ‘ fj d deve 1} them together 

are the Pr Ve ind alien t} ymmon goal, there 

| ) mit hed This is the 

try } h widely different 

toraat or cooperative r 

‘ h should | t introduce the 
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ol singular advantage or 


ndividual aggrandizement 


enter the pieture the cooperative spirit lessens and 


avenue communication begin to treeze up im 
mediately Ihis is the major danger in a cooperative 
eflort and must be guarded against continually In 
dustrial cooperative resear h must. therefore. be based 


on a higher cones pt of reward than immediate individual! 


recognition It require a more mature attitude than 
does a regular commercial activity It is this mature 


attitude that is so very necessary for real progress all 


over the world. ‘To put it very simply, a mature out 
look is the most important factor in growing up. It 
is What world leadership is striving for in such major 
efforts as the United Nations Assembly It is also 
what we are striving for in this group of scientists and 
engineer By concerted effort toward this common 
goal much can be and is being accomplished 

Phe motivation behind a program of this sort should 
he the normal driving forces that are found in every 
progress and economic 


industrial endeavor, namely 


benefit Such Progress and the resulting CCOTOTAL 


benefit can be brought about only by keeping the 
forces governing industry in proper balance. It is 
therefore necessary to examine objectively accepted 
procedures, theories and habits of thought when they 
do not fit the pattern any more \ cooperative re 
search program is then an excellent means to get our 
thinking off dead center. The need for such a pro 
gram usually develops gradually when practical en 
gineering application and construction is allowed to 
proceed far beyond a sound knowledge of the under 
lying principles or limiting factors. In time these areas 
of ignorance become more and more apparent and im 
pede progress 

Such lack of fundamental data introduces uncertainty 
and condones the use of unnecessarily large and waste 
ful safety factors. In fields not regulated by codes 
this situation puts the responsible engineer or en 
gineering firm at a disadvantage by leaving too much 
latitude for risky assumption by the less serupulous 
competitor. When code regulations do exist they are 
quite naturally made overconservative. 

By critically exploring these fields and filling in the 
gaps in our knowledge, an entire section of industry 
is placed on a more equitable and economical basis of 
operation. Competition is less subject to unwarranted 
risk and is based more on efficient management and 
better engineering This results in reduction of cost 
both in manpower and basie materials. It enables 
mankind to get more useful things from the same 
natural resources During and after the Second World 
War there has grown a vivid realization that our natural 
resources are by no means limitless 
The immediate result of a research program is a 


great amount of detailed data and subsequent con 


isions Which are presented in the various commit 
eports Phere usually aiso 18 a collect re lit 
the form of a message or an improved concept 
can quite often be stated in a single sentence L hie 


ery extensive work of the Ship Structures Comn 
or instance, brought the message that a steel sho 
never be used on an important structure for servic 


wiow its ductile to brittle transition temperat 


\ cooperative program which culminate rN 


lemonstration by the U.S. Steel Corp and the Chicag« 
Bridge and Iron Co. at Birmingham, Ala., last Ju 
told many of us that a high-strength steel can be | 
a condition in which it will retain its toughne 
ifter welding even without stress relieving Che 
everal reports just presented by the members of thi 
Coordinating Committee on Plastic Fatigue also po 
lo an improved concept of the inherent strength 
tes lhey tell us that pressure vessel steels can wit! 
stand an amazing number of strain reversals well be 


yond the vield point, i.e., they possess a rather larg 


margin ol endurance beyond yield point strain Be 
assured of such a margin there is justification for using 


this strain range as a basis for design. 


These statements of concept always appear very 
simple and unimposing after they have been evolved 
ind verified because, when all the work is done, ever 


one has the feeling that he has known them all along 


back to the state of knowledge at the beginning of the 


order to recognize their full value one has to think 


program and remember the confusion of ideas and the 
uncertainty in mapping out an effective attack on thi 
problem. Recognizing the effort that goes into bri 

ing out these simple truths it becomes evident that 
the relative cost of cooperative research is ‘ 
moderate. Anyone familiar with the cost of researc! 
in general will readily admit that individual cont: 
butions to a cooperative project are relatively sma 

The specialized knowledge and experience that can be 
brought to bear on a problem in a cooperative effort 
are more than a single individual can offer or any on 


company can possibly afford 


It would be safe to say that in the group assembled 
here today every important phase of pressure vesss 
application is represented. To serve such a larg 
and complex section of industry is not an easy tas} 
It can be done only by each one of us contributing the 
part which he knows best. The individual rewa 
will in most cases not be directly or immediately ap 
parent but with a mature spirit of cooperation the: 
is satisfaction in taking part in positive progressive 


Che act of being 


action of far-reaching consequences 
a part of such progress and having actively contributed 
to the advancement of our age is a more lasting reward 


than immediate material gain 


Kooistra 
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WeLDING RESEARCH SUPPLEMENT 


STUDIES OF THE BIAXIAL FATIGUE 

PROPERTIES OF PRESSURE VESSEL STEELS 

Effect of welding, notches, attachments and 

fabrication on the plastic biaxial fatigue properties 
of pressure vessel steels 

BY C. E. BOWMAN AND T. J. DOLAN ‘ 
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rtie meta They are currently will hereafte e designated as Steel peatedly overloaded in the plasti 
jucting a correlated research pro- T-1 in this paper Four other high- without creating a fracture that 
yrat med at evaluating the applica- strength stee ire now under investi- endanger the performance of the 
t ol esata hed ce ign procedures gation, but final data are t vet avail- Hence t was one of the purpose 
to high-setrengtl low -alle ure able this investigation to stud the 
| teels In eacl ise, COMpParisons In general, there have been few fail- ences in behavior of these ster 

e being mace th eommon ised ures of pressure vesse lirect ittrib- repeated loading conditions and t 
tee such as A2O!L for hich there is a utable to development yressive onstrate the fact that they e st y 
ong record f expenence in design, racture (fatigue failure * bly this enough to resist failure under thou 
ibrication and operation This paper is partially due to the t that thin- of cycles of a working load wil 
epresents the Secor Progre Report walled vessels are cons tive de- ceeds that causing initial vielding 
yn the research conducted at the Unive signed. The strengtl erties of the ‘ : 

Materials and Specimens 

t me hase of his metals are seldom effective itilized 

Investigated 
general particularl n the she nicl arly 

In a previous report!’ the design of the uniform membrane stresses exist How- All material was received in the 
pecimen and testing equipment for ever, if the nominal design stresses were ol in steel plate the ehe 
tidving the re tances tee! plats to harply increase] and ‘ iriations analvses of the four yi ides 0 tet 
ited) lomcding the range in operating pre ure en ntered, code listed in Table The static mec} 

i desenbed ind data making suthorities ou indoubted! properties of each steel ure iven 
ere clisctussed Rectangu specimens find it neces il te le not only 2 Keach plate except the TJ 
ipproximatel in nd having static strength al trength vhich vas tested as-received, 

thicknes ol , ere uppe ted i cle wn con lerut eT though quene hed ind tempered cond 
ret srrounnd the our exclu ol the top the nun her of evel enented loading proces ed in the following n 
ce and ite cleai m zero to ora pre ure ‘ n peration normalize at 1650 pir kle*™ to re 

maximum with hvdraulie fl pres might never exceed bout 00 000 the seale, stress relieve at 1150° I 
ure on the hott we of the lute evele safety requires the ¢ nation of finally machine the edges to I 
The general arrangement the two evere tress-rapse part ilarl in the test fixture design and 
muding fixture on the orking table boundar ind junetion re ich as hvdraulie seal so that oil pre ure 

of the apparatu hown in Fig | it reinforced openings manheads, be applied to one face of the plat 

The central zon thr it le eloped knuckles, et« before kel increases Plates containing an electr 

by mil tensile tre ‘ ny a tio of in design tre ‘ ( it zed It were processed 18 follows norma t 
lin the top irface previous thus becomes i perat et it detailed 1650 mill V-groove in top 
tud neluded plate of Corade A of the fat if trengti ind fa- plate along the longitudinal cente 

nd ASO2Z Grade steel in the un tigue notch sensit t these steels be and eut the plate into two pi 
potehed amd ondition inal enrefull ippra eed unde naditions ol 

te vith lor yitudina! ul merwed in’ binxial tre imuiating those en st i 
veld countered in a vessel It extremel\ 

It was the purpose of the present important to know to what extent the t ‘ ed te ‘ t 

ed, neut 
paper to discuss the results of further material in localized rewions may be re 
sumed at evaluating the relative 
fatigue properti ol other teels 
eariier data are leo compared with 
tuche of the ime pinte ontaimming 
ind-<deposited welds or with plates Table |—Chemical Analyses for the Steels 
having welded attachments designed to Stes 1201 1225 1302 T-1 
ite nozzle rine in he j 14 0.17 016 0 15 
i pressure vessel Several limited stud Manganese, % 0) 38 1 OO 1 44 0 92 
‘ were also made t determine the Phosphorus, % 0 OW; Oot! 0 O26 0 O14 
effect on fatieu trengt!] of other Sulfur, 0 O84 0 027 oO O82 0 O20 
Silicon, ‘ 0 20 0 18 0). 27 0 26 
able re thie irine¢ Mol 0 43 0 46 
the plate and onentation o the diree- Vanadium, % 0 09 0 06 
thot hot-rolling relative to that of the Nickel, % 0 88 
tensile tre Ihe vic (Chromium, 0 50 
‘ oe Copper 0.32 
tir teels investigated ere A225 0 0031 
le A ind Carillon teel which 
Table 2—Mechanical Properties of the Steels 
1302" 1225”° 
Norma Vormal- Vorma 
Stee is-receiwwed ized? i ed tzedt 1s-received ized} 
ie 4,400 16 400 4008 62,400 55.150 52,050 1S, 
| trength, psi 50, 500 5800 07 80. 300 80,250 74,800 1265, 30K 
gation, ind / 11.5 $2 4 20 8 20.5 
Ratio of vield etrength 
trength 0 0.77 OY 0.71 
* Values shown are a ige test ! tandard in, diam indrical specimens whose axes were parallel to the directior 
rolling 
Values taken from mi report 

t Normalized at 1650° I rie All specimens of A201, A225 and A302 were wmalized before testing in fatigue 

§ Yield strength at 0.2% offset No definite yield point 
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Fig. 6 Cracks developed in A225 steel plate after 63,570 cycles of 2300 


microinch /in strain (actual size) 
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cian flat bottomed hole bored to i 
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hown in big corresponded to that 
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In order to initiate a study of the effect 
of surface roughness and possible influence 
roll mark urface decarburization 
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Fig. 10 Lueder’s lines on the surface of a polished plate 


Light lines sketched in to indicate direction of Lueder's lines, and dark lines show cracks near center 


(+) of the plate 
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these few instances, there was an indica These lines which formed during the steel plate are shown in Fig. 12 Here 
tion that during repeated loading the first load evcle were mpanied b again the welded plates Aith the re 
small cracks initiated in the weld metal i plastic strain of 2°, The cracks forcement removed had a resista 
developed at a slower rate than those shown in the fig developed after repeated loading equal to or better tha 
nucleated in the base meta 233.400 evcles In genern thi Is that of the unnotched plate Plate 
ilso representative of the type of plastic with the sharp notch or with we 
The Leuder’s lines that formed on the deformation that occurred in all plates attachments were significant v 
urtace of a pol hed plate ubjected to tested at strain ley ihove their vield than the plain plates The not 
plastic stram are hown in Fig. 10 point plates were more resistant to repent 
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Fig. 11 Strain range per cycle versus cycles to failure for 
plate specimens of steel 

The dashed lines include scatter band for the unnotched, hand welded and 
submerged-arc welded specimens; the broad line through these data 
represents the average choracteristics for the unnotched specimens 
Limited studies of specimens wshbijected to other test conditions are also 
plotted; and, in general, their resistance to repeated load was equal to 
or swperior to that of the unnotched plate 

(a) LONG ROLL refers to direction of hot rolling; that is, the direction 
of rolling is parallel to the longitudinal axis (that is, perpendicular to the 
maximum stress) for these plates, whereas all other plates were tested 
with the direction of hot rolling perpendicular to the longitudinal axis 
(b) AS ROLLED refers to plate tested without normalizing or stress relief 
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Fig. 12 Strain range per cycle versus cycles to failure for 
plate specimens of A302 steel 

The dashed lines inclose scatter band for the hand-welded and submerged 
arc welded specimens; the broad line which, in general, lies just below 
the scatter band represents the average characteristics for the unnotched 
specimens Limited studies of specimens subjected to other test conditions 
ore also plotted; in general, their resistance to repeated lood wos equa 
to or superior to that of the unnotched plate 
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Fig. 15 Strain range per cycle versus cycles to failure for i 
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it the vield point of the teel | | 
Notched specimens of ASO2 and T-! A225 
ntecls were uniformly superior to Fig. 16 Strength of metals relative to A201 steel! 
notehed specimer of A201 and A225 
teels for failure in a given evelie life) for each used pressure vessel steel A220! \ 
\ comparison eolurn steel was more near! proportional to three steels shown had 
hows that the unnotched T-1 plate was their tensile strengths than to the strengths and fatigue strengt! 
more resietant to repeated loading than relative ield strengths While the life of 10° eveles, that were superior to 
the other three steel for notched plate resistance to repeated loading increased those of the A201 steel By comp 
both T-1 and A302 were, in general with the tensile strength of the metals the relative heights of the ba 10 I 
uperior to the other two steel Hon the relationship was not linear and only one steel, it may be observed that the 
ever, as judged by the resistance to re relativel small increase in fatigue increases in fatigue strength (over thu 
peated loading of notched relative to trength might be expected to be ob 4201) for the unnotehed and not 
unnotched specimens, the A302 was the tained by substituting steels of even specimens of each steel were apy 
least notch-sensitive in fatigue. and higher static tensile trength. The mately equal; however, the increase 
the T-1 the most notch-sensitive of the relative strengths of the irious metals in the fatigue strengths were not the 
steels tested for ranges of strain that as represented by the data of Table 3 same ratio as the proportionate increase 
might normally be encountered in pres are illustrated by the bar chart in Fig in either the tensile strength or the vield 
ure vessel 16 In this ehart the height of each strength The increases in unnotche 
It is important to note from the data bar would correspond to the ordinate fatigue strength were nearer to ag 
Ks in Table 3 that the relative resistance to “1” if the strength represented was ment with the increases in tensile 
fatizue (as measured by the strain range equal to that observed for the commonly strength 


Table 3—Relative Resistance to Repeated Loading 


C'yele Strain range per cucle, microinch/in 
lo nnotched Notched 
failu 
Steel A201 A225 A402 T-I 
10 1840 2420) 2480) 
»>x 10 2050 2315 2475 375 1400 IS75 
1 i700 2140 2040 1250 1200 1680 1630 
1480) 1520 1680 1130 1160 1440 1340 
Hed tion due to notch Strength of metala relative to A201 
Cycles Col. 1 Col. 2 Coal. 3 Coal Coal, 2 Cal. 3 Cal. 4 Col, 8 Col Col. 8 
lo Cal. Col. Cal Cal. Col. I Col. 1 Coal. 1 Col. 4 Coal, 4 Cal 
fatlure nnotched Notched 
225 02 T-1 225 302 
Steel \225 A302 r-1 
201 201 201 201 201 
} 10 12 15 it 17 
1 1.52 0.97 1 2s 1 
10 10 1 1 32 1 76 OS; ou 1.23 1 02 1 so 
1 4) 1 27 1 1 21 1 50 1 l 1. 30 
> ol 1 18 1 32 10 1.18 1 05 
id YP A302 1 72 YP A225 YP 
Stati wld pomt ratios Zt 
YP A201 YP A201 YP A201 — 
rs TS A225 rs T-1 
Static tensile strength ratios = | 3S > 16 
rs A201 rs A201 rs A201 


OS-s Bowman, Dolan Biarial Fatique WELDING RESEARCH SUPPLEMEN' 


Onciusions j un Spraragen \ 
\ of ¢ oven ed st { man of the Pressure 
te hiects the Vesse Committee, B. 
fi ‘ f t is Secretary 
ject was under the 
ente , ‘ e as the st ( n of the Project 
00.000 ‘ tee eve tes the t Increased Design Stres- 
¢ te tra, Chairman 
‘ the tire hye ondueted in Talbot 
t t t ere onnel of the Theo 
thre t, eve the | Mechanics Depart- 
t} tv of Illinois 
ure the t eve or ‘ ooperation ol & 
trengt} test Ler Robertson, Labora- 
t ‘ ttact the department staff 
T ty} ‘ ; +} 
t ce ) aphy 
t} 
He Dolan, T. J., “Biaxial 
Vessel Bteel 
‘ 
| 40) ll ie arch Suppl 
; ‘ t { 
the tatice ter envt} eat a rue 
tot trength rat Hy thout weld he XIX, 
t} ‘ tre ; eld id Stout, R 
‘ ant { Pre ire Vessel 
st PCTeHSE the ing Ibid, 32 (1 
t th increased — — » E., and Stout, 1 
the ite rf } 
4 the ji ‘ Kesearch ppl 
tre t Pit e Pre I Ir 
t et ire \ ‘ ( thy Teste on Flat 


EVALUATION OF NOTCH BEND SPECIMENS 


DISCUSSION BY C. E. HARTBOWER 
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Fig. | Relation between lateral contraction and expansion 


Linear relationship between lateral contraction occurring at the notch and 
lateral expansion at the compression surface of fractured V-notch Charpy 


impact specimens 


measured individuall und the total contraction wa 


W here 


tears or jagged lips precluded four measurements, the 


taken as one half the sum of the four readings 
lateral contraction was taken as the sum of two read 
ing At first, reading vere based on the contraction 
at the centerline direetly under the notch In the case 
of brittle fracture, this location provided a measure of 
maximum lateral contraction; but whenever there was 
appreciable ductility, the fracture path was erratic and 
maximum lateral contraction often occurred at a pot 
considerably removed from the centerline of the noteh 
\ plot of maximum lateral contraction versus energy re 
ealed a simple it-line relationship data were 
plotted for measuremetts over ¢ harpy bars tested 
over a range of temperature encompassing the transition 
from duetile to brittle behavior and involving a variety 


of metallurgical variables in two structural steels The 


near relationship appeared to be the same for both 
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Fig. 3. Relation between energy and Poisson effect in frac- 
turing Charpy specimens 


Discussion Votecl 


Let and independe nt ol testing temperature rf 

onenutation, grain size and other metallurgical variable 
Because accurate measurement of maximum t 

contraction proved to be a tedious and time-cor ming 


operation, the laboratory technician making the me 
irement suggested that lateral expansion occur! y 
the compression side of the bar could be measured more 
eu v and might pro\ ide i similar linear relation 
(ordinary micrometer calipers were used It wa 
equently demonstrated in the pearlitic steel 
gated that not only could the measurement be mac 
i matter of seconds but that a linear relationship « 
ted between maximum lateral contraction and later 
expansion (Fig. 1) and energy absorbed in fracturing 


( harpy bar 
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Fig. 2. Extent of the linear relationship 


Data from 12 steels with carbon contents ranging from 0.04 to 0.45% and 
manganese from 0.43 to | 05% The data indicate a straight line to be 
good approximation for deformations up to about 12% for both the key 
hole and the V-notch Charpy impact specimens 


Knowledge of the relationship hetween Poisson et 
and energy is more than just a matter of ac adem 
terest. The relationship is useful in establishing a 
common criterion for comparing performance tn differ 
ent specimens or in a single specimen under differe 


test conditions Kor example, if it is desired to con 


pare tests which differ in physical dimension 


acuity or rate ot loading 
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REPORT ON BRITTLE FRACTURE STUDIES 


DISCUSSION BY T. S. ROBERTSON 


At the request of T. 8. Robertson certain letters and 
arded to F. J. Feely, Ji 


ociats have been edited and are presented herein as 


papers which he for and as 
answers to specific questions about the Robertson Test 
vhich were raised in the subject article. These ques- 
tions appear in italic Parts of Mr. Robertson’s dis 
cussions Which are not taken from published material! 
have been paraphrased for editorial reasons 

/ Was it possthle to get uniform stress distribution 
with the specomen employed, particularly with a tempera 
lure gradient present? 

In Figs. | and 2 of 


in whieh the tre 


our paper you sketch a specimen 
concentrator “nub” and “knob’’ 
differ » materially from the form de eloped here that 
doubtless they account for the unsatisfactory stress 
distribution near the notch which you found. We 
started with round-shouldered cerack-starting ends, but 
after a considerable a unt of experimental stress 
analysis we found that the reduction of stress near the 
vaweut can be neutralized by omitting the radius where 
The modified test 


of your report has some features which 


the nub jomes the specimen proper 
plece in Fig. 2 
account for the poor stress distribution. First, the 
shape of the “knob” stress concentrater is such that a 
falling stress toward the notch is to be expected; second 
the use of a long strip heater accounts for the poor tem- 
perature gradient, the nonuniformity of which will 


account for the falling longitudinal stress toward the 


T. S&S. Robertson ut the Naval Construction Research Establishment 
Dunfermline, Fife tland 
Paper F. J. Fe 1). Hirth R. Kleppe and M. Northup wa 


published in the Fet 


‘ 1054 Research Supplement of Tur Weivine 
JOURNAL, pp. to 108 


heater and a rise toward the cold edge In design 
our heating arrangements, symmetry is aimed 
It was evident that a uniform stress could be achieved 
by a uniform temperature gradient and that this could 
best be achieved by heating one edge of the specime 
much above ambient temperature as the othe 
cooled below Since it Was expedient to cool ove 
nall area, it Was expedient to heat over a sma 
ilso and to have the heat source the same size as thi 
heat sink to preserve symmetry A 
satisfied these requirements Figure | gives an up 
date plot of stress distribution along a test piece, and 
you will note the transverse strain is everywhere 

tant with a Poisson’s Ratio of 0.28 

4 Was stress measured prior to impact signifies 
and how was it related to stress at the time the crac 
arrested? 

Chis may be answered by the following di 
vhich ippeared in my recent paper, Py p il 
Brittle Fracture in Steel.”’ 

In designing the test, some thought had be« 
to the mechanics of propagation of cracks 
strophie failure in ships. Aecounts of the casualties 
postulated speeds of propagation of about 4000 fy 
The maximum length ol testprece bly vhich 
could be fitted was therefore used in an attempt 
ensure that, during the propagation of the crack in the 
test piece, the stress would not alter in the unbroke 
part. It is generally accepted that, in practice, the 
is not time for the stress to alter in consequence ol 
duction in the load-carrying section of the plate belore 


the high-speed crack has passed right through the plate 
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Fig. Z Stress and temperature probes on 40 Ib mild stee plate with 25 Ib distance pieces is 
derstand t} i! ralize the of specin it 6 to LO in. and tem- 
of a stre VAVE hye teria lo ¢ tacl perature grad | 1g” ¢ In this series the be 
tre he unbre ection past tl nd of t fir irrest ein the It was ob 
wating cracl bis ive of relaxat t¢ ile erved that the rape id { must not be less 
the } he than 8° C/; 
dire ) perpend ir to the rn unt mee Was th } } qnificant 
) ( tion of tt, pre | ‘ Robertson Test 
te } line ‘ vou state th hye ‘ rest measured by 
ectio e th tre e mav me at the tip the end of the brittle 
her n thumbnail is used 
tehing ) e ( The n have found er when I measure 


engti ‘ hie irrest temperat ‘ hen the focus 


6 ft and this permitted t¢ h an effe hich. for mild th a lip thickness 
eneth in the dire if trave he stre if of about O.O1 j | wree with mv own 
ra path length of 4 ft ta temper! nuch more import 


for a ack ¢ cod of nal to re that yield starts 
fp d ey } t thy } slfered here the tl if hown lig 


the p ( of the crack the lower h hiel eld shows in the 


) thu affected he of wi ist hey ind at the focus 
a he crack of the elongated tt You will note that 3 
have bee nade u ga pneumatic gu this yield penetrate lepth of the material 
eighing 0.36 te start the bye the cra iwvests also that 
€ 
teel always started when the speed of impa there is a definite | the | that the restarts _ 
e 00 Ips presents a pact vhich are oO ilter period ot 
4) ft-lb transmitted by the blo he specimet luring i the crack 1s 
test ere made with tra erse stre t 1%,000 | embrnittied ) f this vield were 
for speeds up to S80 Ips, the limit of the pneuma mude on polished 8] f ere the surface Luders’ 
rest. temperature the ind ere only when had 
tine hen the bolt pil used tested suff ent h that the focus : 
Were the f afi ed by 0 jeonu of the thuml i ‘ yond ol incidence 
fhe specimens emp of vield that Id mitt gy operation 
Phe owl mn the r 
entioned pape prop R, 
| resting te prod ira “4 Eng 172 
temperature gradi lo do tl te f 
grad ere tested f ere cond author h to exp ppreciation to T. 


or 1 mens of aitere gti a th wide Robertson for f f ment They 
ing temperature grad \ eri ed pea idequats ms posed in our 
original pap | ) eresting to note 


that Mr. Robs to utilize a tem- 


Tan O55 Dine ( Hiriltle f Stud 64-8 


rmerature 


gradient of over S°C/in. to give a good clear 
One might speculate that with a gradient 


the 


reasing temperature la 


rack arrest 


ers dec eration ofl the erack due to 


t enough to stop the crack 


before load reallocatior in take vreat 


plac e to any 


extent Actually little is known about the deceleration 
ta crack In a constant stre zone due to increasing 
he temperature Similar little is known about the 
nange in sire nm a unilormiy tressed plate as the 
rack advances re the plat It 3 hoped both of 
heme questior he resolved in the future 

Since the publication of the subject article the authors 
ive conducted some work on the effect of localized 
ool lor crack mitiation It was found that wher 
ising the modified Robertson knob cooled with liquid 
nitrogen the apparent brittle strength of the material 


vas lowered 2000 psi below that obtained in pre 


ous tests u vedge to initiate the crack unde 


temperature conditions Since both starting 


methods are known to have produced running cracks the 


tion arises as to why under similar conditions of 


ind 


rature tres ith the plate one crack Wits int 


epted and propagated vhile the other was arrested 
One might speculate that the velocity at which the 
rack is introduced might have an effect on the stress 
oncentration at the root of the crack. This apparent 
decrease in brittle strength due to the colder tempera 


crack 
the discrepancy 


Standard Oil De 


ture seems to resolve in part 
Robertson the 


‘ lopune brittle strength Vs tempt 


tarting conditions 


hetween the and 


ature curves 


DISCUSSION By W. G. BEYNON 


\ssume a fluid at a tempe rature T' Is passed into the 
vhich ha 
It iis 


a wall temperature of 7'5, Fig. 1 


umed that the t mperature of the walls of the 


tank reaches the fluid temperature concurrently with 
the rise of the liquid and at all times there is a tempera 
ture difference between the portions of the steel shel! 


and below the 


plane ABCD in the steel 


STRESSES in 
Sue To 


TEMPERATURE VYARIAT One 


lf 7; is than 7 


tact with the fluid will rise in 


greater 
temperature and 
ently expand circumferentially 

ied to the 


The shell above the fluid level being joi 


the portion of the she 


below the fluid level through the plane ABCD mu 


tretched to the length issumed bv the shell he 


evel of the liquid after increasing in temperature 
Since the material above plane 1BCD 
the material must be stretched by mech: 
Che value of the stress necessary for 1 dew diff 
temperature between 7°; and 7) can be obtained f 
the relationship Stress Strain iD 
thu Stress, (Strain per °F 
Stress 30 & 10°) (8 K 
vhere 8 & 10~* is the coefficient of thermal expat 
steel pet 


hus hoop stress imparted to the shell above th 
evel for a temperature difference of 1° F 


In the 


increase the tendency to produce a brittle crack 


presence of a notch the 


below the upper transition temperature of th 
Phe effect of thermal stresses in the Fawley tanh 
ure would be of the order of 8 &* 240 psi 
In the ol 
veloped a longitudinal crack the thermal stresses 


be of the order of 75 &* 240 psi due to a temper! 


Case an American oil tanker 


difference of 75° F between a heated fuel tank ar 


adjacent compartment. ‘This stress amounted to 

than 8 tons,’sq in. and would have an important 

on the behavior of the hull in the presence of a cra 


measuring the relative crack-resisting properties of 


foregoing discussion can be used as a bas 


as indicated in the diagram, Fig. 2 


a steel sample are held at different temperatures 


temperature being preferably 32° F or 


ow enough for brittle failure and the other some t: 


perature high enough to cause a tracture to orig 


from a notch cut in the cold portion of the sampl 


It would appear that a te mperature difference « 
om fracture a steel plate when the notched 


held at 32° F 


the induced stress being of the order 
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Fig. 2. Plan of test piece and containers 
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Jackson SAFETY HATS and CAPS 
— Cap-and-Helmet Combinations 


For protection against falling objects and other sudden impact, 
and against bumping the head in close quarters, the new Jackson 
Safety Hats are a safe and sound investment 

Made of fiber glass plastic, the strongest protective material per 
ounce of weight, these safety hats surpass all known industrial require 
ments. They comply with Federal Specifications GGG-H-142b when 
tested for electrical resistance, impact (the 8-lb. ball test), penetration 
(the 1-lb. plumb bob test), flammability, and water — on. At 14 


ounces, weight is well below the specified limit. 

Two types are available: the full-rimmed Hat and the Cap, with 
visor only. Unless otherwise specified, they will be furnished in an 
attractive, bluish grey. Stocked also in white, yellow. green, and brown. 


Arc Weldors are offered the choice of the two already popular fiber 
glass arc-welding helmets, types H-1 and H-2, piv 
the Safety Cap. Helmet goes easy on, easy off. Just slide it in to 
pore i push the button to release. Your present helmet, H-1 or H-2, 


may be utilized by ordering Safety Cap plus Helmet Attachments. 


EXCLUSIVE . . . Headband of Extruded Plastic, Cork-Lined Sweatband 
Plastic Headband allows immediate, 
positive adjustment, is clearly marked 
in hat sizes, holds its shape, and gives 
firm fit on all sizes of heads. 

Straps of webbing button to inside of 
hat shell, and provide adjustable sup- 
port on top of the head. They provide 
the required safe distance between top 
of head and hat shell and leave ample 
room for ventilation all around. 


PRODU 


ted to the sides of 


JACKSON 
SAFETY 
HAT 


Strongly ribbed crown design and full 
brim resist impact from all sides. 
Fiber glass plastic gives the greatest 
protection per ounce of weight. 


JACKSON 
SAFETY 
CAP 
Identical with the Safety Hat but 
with only a narrow brim at sides and 


back, and a visor protecting the 
face. Weight ounces, 


JACKSON 
CAP-AND- 
HELMET 


Arc-Welding Helmet, type H-1, pivoted 
to standard grey Safety Cap. 

Both are fiber glass of matching design 
and color. Visor is worn in back. 


jackson 
CAP-AND- 
HELMET 


4 


Lift-Front Helmet, type H-2, permitting 
work inspection without raising of 
entire helmet, pivoted to Safety Cap. 
Units are detachable without tools, 


Sold World Wide 
through Distributors 
and Dealers 
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cut production time with AIRCO REGULATORS 


that you set...and forget! 


\irco two-stage regulators require but one ad herever required. Here, tov 
justment ... the first. Once set at the correct ( linates the 1 ity of 
operating pressure they deliver a constant, nor 
fluctuating flow of gas from start to finish of Over two Airc 
cylinder discharge. Drops in pr re al ti purcl d thr the Y 
matically compensated for. Thi opel I that the inherent advant \ 
can devote his full attention | i th 
at all times — speeding productios red I 
costs trouble-t1 For 
Similarly Airco produce tat regulator nd literatur tact your AircoR 
designed to operate on low-pr pip Lauive iuthorized dealer, « rit Airco 
systems which provide unifort pl 
Air REDUCTION 
| 
60 East 42nd Street e New York 17, N. Y 
Products of the divisions of Air Reduction Company, | porated je: AIRCO ndustrial qase welding / t 7 equipment { ety 
chemicals © PURECO carbon dioxide, liquid-solid ( DRY E * OHIO med J0ses and pit equipment © NATIONAL CARBIDE f 


acetylene and ca ym carbide © COLTON CHEMICAL COMPANY polyviny scetate } } othe ynthe 
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